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(57) ABSTRACT

A polymer compound is provided for achieving satisfactory
brightness even at a low driving voltage when applied to a
light-emitting device. A preferred embodiment includes
multiple first groups and a block (A) having a structure in
which the first groups are linked by a second group repre-
sented by formula (0-0), and includes at least one of a group
represented by formula (0-1) or a group represented by
formula (0-2) as the first group;

0-0)
_fAl‘Oﬁ_

n

O-1)

©-2)

wherein Ar° represents an optionally substituted arylene
group or divalent aromatic heterocyclic group having a
structure different from the first group; n represents an
average chain length of Ar° and equals 1.0 to 8.0; and X*!
to X' and X*' to X* each represent a carbon atom or a
nitrogen atom, where two or three of X! to X'® are a
nitrogen atom and three of X*' to X*° are a nitrogen atom.

34 Claims, 1 Drawing Sheet
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1
HIGH MOLECULAR COMPOUND, METHOD
FOR PRODUCING SAME, AND
LIGHT-EMITTING ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Section 371 of International Appli-
cation No. PCT/JP2011/077420, filed Nov. 28, 2011, which
was published in the Japanese language on Jun. 7, 2012,
under International Publication No. WO 2012/073903 Al,
and the disclosure of which is incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a polymer compound and
a method for producing the same, to a composition, solution,
film and light-emitting device using the polymer compound,
and to a surface light source and a display device comprising
the light-emitting device.

BACKGROUND ART

High molecular weight light-emitting materials that are
soluble in solvents are studied since they are capable of
forming organic layers in light-emitting devices according to
coating methods. As such light-emitting materials, random
copolymers of polyfluorenes are known (Patent Literature
D).

Furthermore, as such a light-emitting material, a compo-
sition prepared by doping a phosphorescent light-emitting
compound, which emits light from a triplet excitation state
as a dopant on a host material, is known. It is important for
a host material used in preparing such a composition to have
a high lowest triplet excitation energy (hereinafter referred
to as “T1 energy™).

As an example of the host material having a high T1
energy in relation to a phosphorescent light-emitting com-
pound which emits light having a shorter wavelength than
that of red light, a meta-phenylene based polymer compound
which comprises a combination of specific constitutional
units has been proposed (Patent Literature 2).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Unexamined Patent Applica-
tion publication No. 2001-151868

Patent Literature 2: International Publication No. W02010/
084977

SUMMARY OF INVENTION
Technical Problem

However, when the light-emitting material prepared by
using the polymer compound described above is applied to
an organic layer of a light-emitting device, a satisfactory
brightness tends not to be achieved at a low driving voltage.

The present invention has been made in consideration of
these circumstances, and it is therefore an object of the
present invention to provide a polymer compound capable of
achieving a satisfactory brightness even at a low driving
voltage when it is applied to an organic layer of a light-
emitting device.
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It is another object of the present invention to provide a
method for producing such a polymer compound; a com-
position, solution, film and light-emitting device using the
polymer compound of the present invention; and a surface
light source and display device comprising the light-emitting
device.

Solution to Problem

In order to achieve the objects, a polymer compound of
the present invention comprises a block (A) comprising a
structure comprising two or more first groups and a second
group represented by formula (0-0) linking the first groups,
wherein the polymer compound comprises at least one of a
group represented by formula (0-1) and a group represented
by formula (0-2) as the first groups.

[Chemical Formula 1]

0-0)
Ay

O-1)

©-2)

In formula (0-0), Ar° represents an arylene group or a
divalent aromatic heterocyclic group having a structure
different from that of the first group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent; and n represents
an average chain length in terms of Ar and is a numerical
value of 1.0 or more and 8.0 or less.

In formulas (0-1) and (0-2), X', X'2, X3, X'4 X5, X*'°,
X2, X*2, X3, X?* and X* each independently represent a
carbon atom or a nitrogen atom, where two or three of X*!,
X2 X3, X! X'* and X'® are a nitrogen atom and three of
X2, X22 X23 X?* and X* are a nitrogen atom. The group
represented by formula (0-1) and the group represented by
formula (0-2) may have an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent.

Because the polymer compound of the present invention
comprises the block (A) having a structure in which the
group represented by formula (0-1) or formula (0-2) is
linked by the group represented by formula (0-0), a satis-
factory brightness can be achieved by low-voltage driving
when the polymer compound of the present invention is used
as a host material for a phosphorescent light-emitting com-
pound to form an organic layer of a light-emitting device.

Since the above effect can be obtained more satisfactorily,
n in the group represented by formula (0-0) is preferably a
numerical value of 1.0 or more and 6.5 or less; more
preferably a numerical value of 1.5 or more and 5.0 or less.
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The block (A) contained in the polymer compound of the
present invention preferably comprises multiple constitu-
tional units represented by formula (0). In this case, it
becomes easy to achieve a higher brightness even in the case
of low-voltage driving.

[Chemical Formula 2]

©)
A e Z A

In formula (0), Z represents the group represented by
formula (0-1) or the group represented by formula (0-2).
Ar® and Ar® each independently have the same definition
as Ar® and are each independently a group having a structure
different from that of the group Z. When multiple Ar°® and
Ar” groups are present, the groups may be the same or
different. The s, and s, each independently represent 1 or 2.

In the constitutional unit represented by formula (0), Ar°*
and Ar°? are preferable if they are each independently at
least one group selected from the group consisting of a
phenylene group, a naphthalene-diyl group, a fluorene-diyl
group and a dihydrophenanthrene-diyl group.

More specifically, it becomes easier to achieve the effect
when the polymer compound comprises as the constitutional
unit represented by formula (0) a constitutional unit repre-
sented by formula (2).

[Chemical Formula 3]

AIZH-)—( ﬁ_(_AIZb
f | 5
N /N

@
N,
T

In formula (2), Ar** and Ar®” have the same definition as
the Ar°® and the Ar®, respectively, where Ar*® and Ar®® are
groups different from a 1,3,5-triazine-diyl group. Ar* rep-
resents an aryl group or a monovalent aromatic heterocyclic
group, and may have an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent. When multiple Ar** and Ar*® groups are
present, the groups may be the same or different. t; and t,
each independently represent 1 or 2.

Also in the constitutional unit represented by formula (2),
Ar** and Ar*® are preferable when they are each indepen-
dently at least one group selected from the group consisting
of a phenylene group, a naphthalene-diyl group, a fluorene-
diyl group and a dihydrophenanthrene-diyl group.

The block (A) more preferably comprises the constitu-
tional unit represented by formula (2) and a constitutional
unit represented by formula (I). Because the block (A)

described above is contained, it becomes further easier to
achieve the aforementioned effect.

[Chemical Formula 4]
“Arty- @

In formula (I), Ar' represents an arylene group or a
divalent aromatic heterocyclic group, and may have an alkyl
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group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent.

It is more preferable to contain as the constitutional unit
represented by formula (I) at least one constitutional unit
selected from the group consisting of a constitutional unit
represented by formula (3) and a constitutional unit repre-
sented by formula (4) (which is different from the constitu-
tional unit represented by formula (2) and the constitutional
unit represented by formula (3)).

[Chemcial Formula 5]

)]
(R3a)g

—FAre—

@
—F A

In formula (3), Ar’*® represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. R** is an alkyl
group, an aryl group or a monovalent aromatic heterocyclic
group, and is a group substituted at a substitution site
neighboring a site forming a bonding to another constitu-
tional unit in Ar*®. When multiple R** groups are present,
the groups may be the same or different. A numerical value
g is an integer of 1 to 4, preferably 1 or 2, and more
preferably 2.

In formula (4), Ar** represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. When multiple
Ar* groups are present, the groups may be the same or
different. A numerical value k is an integer of 1 to 3.

When the block (A) comprises the constitutional unit
represented by formula (3), the block (A) preferably com-
prises a structure in which the constitutional units repre-
sented by formula (3) are present adjacent to both sides of
the constitutional unit represented by formula (2). When the
block (A) comprises the constitutional unit represented by
formula (3) or formula (4), the block (A) preferably com-
prises a structure in which the constitutional units repre-
sented by formula (2) are present adjacent to both sides of
the constitutional unit represented by formula (3) or formula
4).

It is preferable to contain as the constitutional unit rep-
resented by formula (3) at least one constitutional unit
selected from the group consisting of the constitutional unit
represented by formula (1) and a constitutional unit repre-
sented by formula (7).
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[Chemical Formula 6]

M
Rla

Rlc

Rlb

M

R7b R7a

R7c R4

In formula (1), R'“ represents a hydrogen atom, an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an aralkyl group or a substituted amino group, and
R'? and R'“ each independently represent a hydrogen atom,
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group, an
aralkyl group, an arylalkoxy group, a substituted amino
group, a substituted carbonyl group, a substituted carboxyl
group, a fluorine atom or a cyano group. At least one of R'®
and R'° comprises a group other than a hydrogen atom. The
two R'¢ groups may be the same or different.

In formula (7), R7* and R7° each independently represent
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group, an
aralkyl group, an arylalkoxy group, a substituted amino
group, a substituted carbonyl group, a substituted carboxyl
group or a cyano group, and R7? and R7 each independently
represent a hydrogen atom, an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano
group.

On the other hand, it is preferable to contain as the
constitutional unit represented by formula (4) at least one
constitutional unit selected from the group consisting of a
constitutional unit represented by formula (9), a constitu-
tional unit represented by formula (10) and a constitutional
unit represented by formula (11).

[Chemical Formula 7]

L)

RQC

®

R9a
(10)
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-continued

In formula (9), R®* and R®° each independently represent
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group or an aralkyl group, and R** and R may
be bonded together to form a ring structure.

The polymer compound of the present invention prefer-
ably has structure comprising a combination of the block (A)
and a block (B), which has a structure different from that of
the block (A).

In this case, when the block (B) is contained in the
polymer compound so that a value represented by expres-
sion (VII) becomes 0.5 or less, it tends to easily achieve a
satisfactory brightness at a low driving voltage.

(n

[BY[A] (VID)

In expression (VII), [A] represents a mol % of the
constitutional unit represented by formula (0) contained in
the block (A); and [B] represents a mol % of the constitu-
tional unit represented by formula (0) in the block (B).

Since the above effect can be more easily achieved, the
block (B) more preferably comprises a constitutional unit
represented by formula (IB) and/or a constitutional unit
represented by formula (II).

[Chemical Formula 8]

HArtPy )

APy a0

In formula (IB), Ar'? represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. In formula (II),
Ar? represents a divalent aromatic amine residue and may
have an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group, an
aralkyl group, an arylalkoxy group, a substituted amino
group, a substituted carbonyl group, a substituted carboxyl
group, a fluorine atom or a cyano group as a substituent.

The block (B) comprises at least one constitutional unit
selected from the group consisting of a constitutional unit
represented by formula (3B) and a constitutional unit rep-
resented by formula (4B) (which is different from the
constitutional unit represented by formula (3B)) as a con-
stitutional unit represented by formula (IB), and more pref-
erably comprises a constitutional unit represented by for-
mula (5) as a constitutional unit represented by formula (II).

[Chemical Formula 9]

(3B
(R3 la)gB

—tArley
—F At (4B)
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-continued
®
AP N— AP S AP = N AP

Arsd Ar>®

Aéf—r 7

]

Ar’g

In formula (3B), Ar’'® represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. R*'# is an alkyl
group, an aryl group or a monovalent aromatic heterocyclic
group, and is a group substituted at a substitution site
neighboring a site forming a bonding to another constitu-
tional unit in Ar**®. When multiple R3'¢ groups are present,
the groups may be the same or different. A numerical value
g5 is an integer of 1 to 4, preferably 1 or 2, and more
preferably 2.

In formula (4B), Ar*'® represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. When multiple
Ar*'® groups are present, the groups may be the same or
different. A numerical value kg is an integer of 1 to 3.

In formula (5), Ar’®, Ar’®, Ar©, Ar’? and Ar’” each
independently represent an arylene group or a divalent
aromatic heterocyclic group. Ar*®, Ar¥ and Ar°¢ each inde-
pendently represent an aryl group or a monovalent aromatic
heterocyclic group. Ar’?, Ar®?, Ar’, Ar’?, Ar*°, Ar/, Ar’®
and Ar’* may have an alkyl group, an aryl group, a mon-
ovalent aromatic heterocyclic group, an alkoxy group, an
aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent. The groups represented by Ar’?, Ar’¢, Ar”
and Ar’® may each form a 5- to 7-membered ring by bonding
to a group other than the concerned group which bonds to a
nitrogen atom to which the concerned group bonds, directly
or via a group represented by —O—, —S— —C(—0)—,
—C(=0)—0—, —NRYH—, —C=0)—NR*H)— or
—C(R*),—R* in the formulas represents an alkyl group, an
aryl group, a monovalent aromatic heterocyclic group or an
aralkyl group. When multiple Ar*?, Ar®®, Ar>®, Ar’? and Ar””
groups are present, the groups may be the same or different.
Numerical values n, and n, are each independently O or 1. A
numerical value n; is 0 or a positive integer. Numerical
values n,, ns, ng and n, are each independently a positive
integer.

As the constitutional unit represented by formula (IB),
those containing at least one constitutional unit selected
from the group consisting of a constitutional unit repre-
sented by formula (1B), a constitutional unit represented by
formula (7B), a constitutional unit represented by formula
(9B), a constitutional unit represented by formula (10B) and
a constitutional unit represented by formula (11B) are also
preferable.
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[Chemical Formula 10]

(1B
Rlla

Rllc Rllc

42

Rl
(7B)

R7lb R7la

>

R7lc R7Md

L)

RQIC R91a

©B)

(10B)

(11B)

58

In formula (IB), R'*“ represents a hydrogen atom, an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an aralkyl group or a substituted amino group, and
R''? and R'' each independently represent a hydrogen
atom, an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group, an
aralkyl group, an arylalkoxy group, a substituted amino
group, a substituted carbonyl group, a substituted carboxyl
group, a fluorine atom or a cyano group. The two R''¢
groups may be the same or different.

In formula (7B), R7*“ and R7*“ each independently rep-
resent an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group, an
aralkyl group, an arylalkoxy group, a substituted amino
group, a substituted carbonyl group, a substituted carboxyl
group or a cyano group, and R”*? and R”*4 each indepen-
dently represent a hydrogen atom, an alkyl group, an aryl
group, a monovalent aromatic heterocyclic group, an alkoxy
group, an aryloxy group, an aralkyl group, an arylalkoxy
group, a substituted amino group, a substituted carbonyl
group, a substituted carboxyl group, a fluorine atom or a
cyano group.

In formula (9B), R°*“ and R®'“ each independently rep-
resent an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group or an aralkyl group, and R°*¢ and R®*¢
may be bonded together to form a ring structure.

The polymer compound of the present invention prefer-
ably comprises a constitutional unit derived from a phos-
phorescent light-emitting compound in at least one block
selected from the group consisting of the block (A), the
block (B), and a block different from the block (A) and the
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block (B). Such a polymer compound can achieve further
excellent light-emitting efficiency and can improve the
workability in producing the light-emitting device.

The constitutional unit derived from a phosphorescent
light-emitting compound is preferably a constitutional unit
derived from a phosphorescent light-emitting compound
which comprises at least one metal selected from the group
consisting of gold, platinum, iridium, osmium, rhenium and
europium as a central metal thereof.

Furthermore, in the polymer compound of the present
invention, a proportion of the constitutional unit represented
by formula (0) contained in the block (A) is preferably 5 to
40 mol % with respect to all the constitutional units con-
tained in the polymer compound and 5 to 100 mol % with
respect to all the constitutional units contained in the block
(A). According to such a polymer compound satistying the
aforementioned condition, a satisfactory brightness can be
achieved by low-voltage driving and an effect of implement-
ing excellent brightness stability can be achieved.

Since such effect can be obtained more satisfactorily, in
the polymer compound, a proportion of the total mass of the
constitutional unit represented by formula (0), the constitu-
tional unit represented by formula (3), the constitutional unit
represented by formula (4), the constitutional unit repre-
sented by formula (3B), the constitutional unit represented
by formula (4B) and the constitutional unit represented by
formula (5) is preferably 0.9 or more when the total mass of
the polymer compound is 1.0. The polymer compound more
preferably satisfies a condition such that a value represented
by expression (V) is 0.01 or more and 0.8 or less.

[CVID] ™

In expression (V), [C] represents the polystyrene-equiva-
lent weight-average molecular weight of the block (A), and
[D] represents the polystyrene-equivalent weight-average
molecular weight of the polymer compound.

The present invention also provides a composition con-
taining the polymer compound of the present invention and
at least one material selected from the group consisting of a
hole transport material, an electron transport material and a
light-emitting material. This composition is preferable as a
material for foaming a light-emitting layer for a light-
emitting device, and a satisfactory brightness of a light-
emitting device including the light-emitting layer formed
based on the composition can be achieved even by low-
voltage driving.

In the composition, it is particularly preferable to contain
a phosphorescent light-emitting compound as at least one
material selected from the group consisting of a hole trans-
port material, an electron transport material and a light-
emitting material. The phosphorescent light-emitting com-
pound is preferably a phosphorescent light-emitting
compound comprising at least one metal selected from the
group consisting of gold, platinum, iridium, osmium, rhe-
nium and europium as a central metal thereof. Specifically,
the phosphorescent light-emitting compound is more pref-
erably a compound comprising a structure represented by
formula (8).
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[Chemical Formula 11]
®

R
A
N

¢\
| /M
C

~c
B

R)nm

In formula (8), M represents at least one metal selected
from the group consisting of gold, platinum, iridium,
osmium, rhenium and europium. Ring A may be a mono-
cyclic ring or a fused ring, and represents a heteroaromatic
ring which may have a heteroatom in addition to N in the
formula. Ring B represents an aromatic ring which may be
a monocyclic ring or a fused ring. R represents a substituent,
and when multiple substituents R are present, the substitu-
ents may be the same or different. The m and mm each
represent 0 or a positive integer.

Furthermore, the present invention provides a solution
containing the polymer compound of the present invention
and a solvent. According to such a solution, the light-
emitting layer described above can be easily formed by a
simple method, such as coating.

Furthermore, the present invention provides a film con-
taining the polymer compound of the present invention. The
film of the present invention can be satisfactorily applied to
an organic layer (particularly a light-emitting layer) of a
light-emitting device and the like and is capable of reducing
the voltage for achieving a required brightness.

In addition, the present invention provides a light-emit-
ting device including an organic layer comprising the poly-
mer compound of the present invention. Because the light-
emitting layer of such a light-emitting device comprises the
polymer compound of the present invention, a satisfactory
brightness can be achieved even by low-battery driving. The
effect can be satisfactorily achieved particularly when the
organic layer is a light-emitting layer.

Furthermore, the present invention provides a surface
light source and the display device comprising the light-
emitting device of the present invention. Because the surface
light source and the display device comprise the light-
emitting device of the present invention, highly bright
illumination and display can be performed at a low driving
voltage.

Furthermore, the method for producing a polymer com-
pound of the present invention comprises: a first step of
synthesizing a first compound comprising multiple consti-
tutional units represented by formula (0) by condensation-
polymerizing a compound represented by formula (R-0) or
by condensation-polymerizing a first monomer mixture
comprising the compound represented by formula (R-0) and
a compound represented by formula (R-1); and a second step
of producing a polymer compound having a block (A)
having the multiple constitutional units represented by for-
mula (0) by condensation-polymerizing the first compound
and a second compound having a structure different from a
structure of the first compound and capable of being con-
densation-polymerized with the first compound. According
to such a method for producing a polymer compound, the
polymer compound having a block (A) comprising multiple
constitutional units represented by formula (0) can be
securely produced.
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[Chemical Formula 12]

(R-0)
W1+Ar0”§TZ—éAr0bﬁTW2
®R-D
W2l— Apl—wW22
O-1)
X!
x16” \)I(IZ
1]

15
X\

_xi3
<147
©-2)

x25—x21
A\

ir
24 /"Xzz
~ x23

©
—H Ay —Z— A

In formulas (R-0) and (0), Z represents a group repre-
sented by formula (0-1) or a group represented by formula
(0-2). A" and Ar”” each independently represent an arylene
group or a divalent aromatic heterocyclic group having a
structure different from that of Z and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. When multiple
Ar” and Ar®? groups are present, the groups may be the
same or different. The s, and s, each independently represent
1or2.

In formula (R-I), Ar' represents an arylene group or a
divalent aromatic heterocyclic group, and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent.

In formulas (0-1) and (0-2), X', X'2 X' X' X'° X6,
X2, X2, X*? X** and X**° each independently represent a
carbon atom or a nitrogen atom, where two or three of X*!,
X2, X3, X! X** and X'° are a nitrogen atom and three of
X2, X2, X?*, X** and X** are a nitrogen atom. The group
represented by formula (0-1) and the group represented by
formula (0-2) may have an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent.

In formulas (R-0) and (R-I), W', W2, W and W*? are
each independently a polymerizable group capable of
involving a condensation-polymerization reaction.

In the method for producing a polymer compound of the
present invention, in the second step, a second monomer
mixture, which comprises the compound represented by
formula (R-I) and a compound represented by formula
(R-1I), is preferably used as the second compound. A satis-
factory brightness can be thereby easily achieved by low-
voltage driving.

Furthermore, the method for producing a polymer com-
pound of the present invention may comprise: a first step of
producing a first compound comprising multiple constitu-
tional units represented by formula (0) by condensation-
polymerizing a compound represented by formula (R-0) or
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by condensation-polymerizing a first monomer mixture
comprising the compound represented by formula (R-0) and
a compound represented by formula (R-I); a second step of
producing a second compound comprising multiple consti-
tutional units represented by formula (II) by condensation-
polymerizing a second monomer mixture comprising the
compound represented by formula (R-I) and a compound
represented by formula (R-II); and a third step of producing
a polymer compound having a block (A) comprising mul-
tiple constitutional units represented by formula (0) and a
block (B) comprising multiple constitutional units repre-
sented by formula (II), by condensation-polymerizing the
first compound and the second compound. The polymer
compound of the present invention can also be easily
produced by the production method described above.

[Chemical Formula 13]

(R-0)
Wl—(—Aroa—)TZ—(—AIOb a - WZ

(R-D
WZI_AII_WZZ

(R-IT)

O-1)

©-2)

22
X
x23

T(—Aroa—)TZ—(—ArOb—)#

—AP—

V)

an

In formulas (R-0) and (0), Z represents a group repre-
sented by formula (0-1) or a group represented by formula
(0-2). Ar" and Ar”” each independently represent an arylene
group or a divalent aromatic heterocyclic group having a
structure different from that of Z and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. When multiple
Ar" and Ar®® groups are present, the groups may be the
same or different. The s, and s, each independently represent
1or2.

In formula (R-I), Ar' represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent.

In formulas (R-II) and (II), Ar* represents a divalent
aromatic amine residue and may have an alkyl group, an aryl
group, a monovalent aromatic heterocyclic group, an alkoxy
group, an aryloxy group, an aralkyl group, an arylalkoxy
group, a substituted amino group, a substituted carbonyl
group, a substituted carboxyl group, a fluorine atom or a
cyano group as a substituent.
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In formulas (0-1) and (0-2), X', X'2 X' X' X'° X6,
X2, X2, X** X** and X**° each independently represent a
carbon atom or a nitrogen atom, where two or three of X',
X123, X3, X! X' and X'° are a nitrogen atom and three of
X2, X?2, X?3, X?* and X** are a nitrogen atom. The group
represented by formula (0-1) and the group represented by
formula (0-2) may have an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent.

In formulas (R-0), (R-I) and (R-II), W', W2, W2! W22,
W3! and W32 are each independently a polymerizable group
capable of involving a condensation-polymerization reac-
tion.

The method for producing a polymer compound of the
present invention may also comprise: a first step of synthe-
sizing a first compound by condensation-polymerizing a
compound represented by formula (R-I) or by condensation-
polymerizing a first monomer mixture comprising the com-
pound represented by formula (R-I) and a compound rep-
resented by formula (R-1I); and a second step of producing
a polymer compound having a block (A) comprising mul-
tiple constitutional units represented by formula (0) by
condensation-polymerizing the first compound and a com-
pound represented by formula (R-0), or by condensation-
polymerizing the first compound and a second monomer
mixture comprising the compound represented by formula
(R-0) and the compound represented by formula (R-I). The
polymer compound having the block (A) comprising mul-
tiple constitutional units represented by formula (0) can also
be easily produced by the production method described
above.

[Chemical Formula 14]

R-0
W1+Ar0”§TZ—éAr0bﬁTW2 ( )

R-I)

WZI_AII_WZZ
(R-II)

WH— AP — W
" 0-1)

X,
x167 Xx12
I I

15
X\

_xi3
<147
©-2)

XZS_le
A\

i
24 /“Xzz
~ x23

©
—H Ay —Z— A

In formulas (R-0) and (O), Z represents a group repre-
sented by formula (0-1) or a group represented by formula
(0-2). Ar"* and Ar”” each independently represent an arylene
group or a divalent aromatic heterocyclic group having a
structure different from that of Z and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent. When multiple
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Ar" and Ar®® groups are present, the groups may be the
same or different. The s, and s, each independently represent
1or2.

In formula (R-I), Ar' represents an arylene group or a
divalent aromatic heterocyclic group and may have an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group as a substituent.

In formula (R-II), Ar* represents a divalent aromatic
amine residue and may have an alkyl group, an aryl group,
a monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent.

In formulas (0-1) and (0-2), X', X'2, X3, X'4 X5, X*'°,
X2, X*2, X3, X?* and X* each independently represent a
carbon atom or a nitrogen atom, where two or three of X*!,
X2, X, X! X** and X'® are a nitrogen atom and three of
X2, X2, X?*, X** and X*° are a nitrogen atom. The group
represented by formula (0-1) and the group represented by
formula (0-2) may have an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group, a
substituted carboxyl group, a fluorine atom or a cyano group
as a substituent.

In formulas (R-0), (R-I) and (R-II), W', W2, W2! W22
W3! and W32 are each independently a polymerizable group
capable of involving a condensation-polymerization reac-
tion.

Advantageous Effects of Invention

According to the present invention, it is possible to
provide a polymer compound capable of achieving a satis-
factory brightness even at a low driving voltage when it is
applied to an organic layer of a light-emitting device. Such
a polymer compound is particularly preferable as a host
material of a phosphorescent light-emitting compound and
can exhibit an excellent charge (which collectively refers to
a hole and an electron: the same applies hereunder) trans-
porting property. In a preferred embodiment of the present
invention, it is possible to provide a polymer compound
which can further exhibit an effect of achieving excellent
brightness stability even if the device is driven for long
hours.

Furthermore, according to the present invention, it is
possible to provide: a method preferable for producing the
polymer compound of the present invention; a composition,
solution, film and light-emitting device using the polymer
compound of the present invention; and a surface light
source and display device comprising the light-emitting
device.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 is a drawing which schematically shows a cross-
sectional configuration of a light-emitting device according
to a preferred example.
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DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will now
be described in detail.

DESCRIPTION OF TERMS

To begin with, terms used herein will be described.
Throughout the present specification, the term “constitu-
tional unit” refers to a unit of which at least one is present
in the polymer compound. The constitutional unit is pref-
erably present in the polymer compound as a “repeating
unit” (that is, a unit of which 2 or more are present in the
polymer compound).

The phrase “n-valent aromatic heterocyclic group” (nis 1
or 2) means an atomic group derived by removing n hydro-
gen atoms among the hydrogen atoms directly bonded to the
aromatic ring or a heterocyclic ring of a heterocyclic com-
pound having aromaticity, and it includes those having a
fused ring. The term “heterocyclic compound” refers to
compounds having a ring structure that contain, as atoms
constituting the ring, heteroatoms such as oxygen atoms,
sulfur atoms, nitrogen atoms, phosphorus atoms, boron
atoms and silicon atoms, in addition to carbon atoms, among
organic compounds having a ring structure.

An “aromatic heterocyclic compound” is a heterocyclic
compound containing a heteroatom in which the heterocy-
clic ring itself is aromatic, such as oxadiazole, thiadiazole,
thiazole, oxazole, thiophene, pyrrole, phosphole, furan, pyri-
dine, pyrazine, pyrimidine, triazine, pyridazine, quinoline,
isoquinoline, carbazole, dibenzosilole or dibenzophosphole,
or a compound in which the heterocyclic ring containing a
heteroatom itself is not aromatic but an aromatic ring is
fused to the heterocyclic ring, such as phenoxazine, phe-
nothiazine, dibenzoborole, dibenzosilole or benzopyran.

In the present specification, Me represents a methyl
group, Et represents an ethyl group, i-Pr represents an
isopropyl group, n-Bu represents an n-butyl group, and tBu,
t-Bu and t-butyl groups represent tert-butyl groups.

In the present specification, a “block” constitutes a part of
the polymer compound and comprises a chain structure in a
predetermined constitutional unit. Furthermore, a ratio of
constitution of a constitutional unit contained in the block
has at least one characteristic, in terms of its constitution or
arrangement substantially not existing in a portion other than
the block.

In polymer compounds having the blocks in the present
specification, adjacent blocks have different constitutions
(chemical structures). Specifically, adjacent blocks are con-
stituted by constitutional units obtained from different
monomers. Or otherwise, when adjacent blocks comprise
constitutional units obtained from the same type of mono-
mers, the composition or the distribution of chains thereof
are different.

For example, a polymer compound having blocks, it is
meant that a specific block and other blocks or a specific
block and a group which bonds the specific block have
different characteristics in terms of their constitution and
arrangement.

In the polymer compound, the constitution of a block may
only enable the estimation of a content or an average chain
length in terms of a constitutional unit and may not neces-
sarily be determined or identified completely for the block.
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[Description of Substituents]

Various substituents to be mentioned in the present speci-
fication will be specifically described. In the present speci-
fication, substituents are as described below unless other-
wise specially described.

(Alkyl Group)

The alkyl group is straight-chain, branched or cyclic, and
preferably has 1 to 20 carbon atoms. The hydrogen atoms of
the alkyl group may be optionally substituted with fluorine
atoms. Examples of the alkyl group include methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, isobutyl, tert-butyl, pen-
tyl, isoamyl, hexyl, cyclohexyl, heptyl, octyl, 2-ethylhexyl,
nonyl, decyl, 3,7-dimethyloctyl, dodecyl, trifluoromethyl,
pentafluoroethyl, perfluorobutyl, perfluorohexyl and per-
fluorooctyl groups.

(Aryl Group)

The aryl group is an atomic group derived by removing
one hydrogen atom of an aromatic hydrocarbon, and
includes those having fused rings. The aryl group has
preferably 6 to 60, more preferably 6 to 48, even more
preferably 6 to 20, and still more preferably 6 to 14 carbon
atoms. The number of carbon atoms of the substituents is not
included in this number of carbon atoms. The hydrogen
atoms of the aryl group may be substituted with an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group,
an arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a fluo-
rine atom or a cyano group. Examples of an aryl group
include a substituted or unsubstituted phenyl group.

(Monovalent Aromatic Heterocyclic Group)

The monovalent aromatic heterocyclic group has usually
2 to 60, preferably 3 to 60, and more preferably 3 to 20
carbon atoms. The number of carbon atoms of the substitu-
ents is not included in this number of carbon atoms.
Examples of a monovalent aromatic heterocyclic group
include 2-oxadiazolyl, 2-thiadiazolyl, 2-thiazolyl, 2-ox-
azolyl, 2-thienyl, 2-pyrrolyl, 2-furyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-pyrazyl, 2-pyrimidyl, 2-triazyl, 3-pyridazyl,
3-carbazolyl, 2-phenoxazinyl, 3-phenoxazinyl, 2-phenothi-
azinyl and 3-phenothiazinyl groups. The hydrogen atoms of
the monovalent aromatic heterocyclic group may be substi-
tuted with an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group, an alkoxy group, an aryloxy
group, an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl groups, a substituted
carboxyl groups, a fluorine atoms or a cyano groups.

(Alkoxy Group)

The alkoxy group is straight-chain, branched or cyclic,
and preferably has 1 to 20 carbon atoms. Examples of alkyl
group portions in an alkoxy group include groups similar to
those described above as examples of the alkyl group.
Examples of the alkoxy group include methoxy, ethoxy,
propyloxy, isopropyloxy, butoxy, sec-butoxy, isobutoxy,
t-butoxy (tert-butoxy), pentyloxy, hexyloxy, cyclohexyloxy,
heptyloxy, octyloxy, 2-ethylhexyloxy, nonyloxy, decyloxy,
3,7-dimethyloctyloxy, dodecyloxy, trifluoromethoxy, penta-
fluoroethoxy, perfluorobutoxy, perfluorohexyloxy, perfluo-
rooctyloxy, methoxymethyloxy, 2-methoxyethyloxy and
2-ethoxyethyloxy groups.

(Aryloxy Group)

The aryloxy group preferably has 6 to 60 carbon atoms.

Examples of aryl group portions in the aryloxy group
include groups similar to those described above as examples
of the aryl group. Examples of the aryloxy group include
phenoxy, C,-C,, alkoxyphenoxy (“C,-C,, alkoxy” means
that the number of carbons in the alkoxy portion 1 to 12
atoms, the same expression below has the same meaning),
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C,-C,, alkylphenoxy, 1-naphthyloxy, 2-naphthyloxy and
pentafluorophenyloxy groups.

(Aralkyl Group)

The aralkyl group preferably has 7 to 60 carbon atoms.
Examples of alkyl group portions in the aralkyl group
include groups similar to those described above as examples
of the alkyl group. Examples of aryl group portions include
groups similar to those described above as examples of the
aryl group. Examples of aralkyl groups include phenyl-C, -
C,, alkyl, C,-C,, alkoxyphenyl-C,-C,, alkyl and C,-C,,
alkylphenyl-C,-C, , alkyl groups.

(Arylalkoxy Group)

The arylalkoxy group preferably has 7 to 60 carbon
atoms. Examples of aryl group portions in the arylalkoxy
group include groups similar to those described above as
examples of the aryl group. Examples of the arylalkoxy
group include phenyl-C,-C,, alkoxy, C,-C,, alkoxyphenyl-
C,-C,, alkoxy and C,-C,, alkylphenyl-C,-C,, alkoxy
groups.

(Substituted Amino Group)

The substituted amino group preferably has 2 to 60 carbon
atoms. Examples of the substituted amino group include
amino groups in which a part of or all the hydrogen atoms
are substituted with an alkyl group, an aryl group, an aralkyl
group or a monovalent aromatic heterocyclic group. The
substituted amino group includes groups derived from sub-
stituents of amino groups bonded together directly or via a
carbon atom, oxygen atom, sulfur atom or the like to form
a fused ring. The substituted amino group is preferably a
dialkyl-substituted amino group or a diaryl-substituted
amino group. Specifically, examples of the substituted
amino group include dimethylamino, diethylamino, diphe-
nylamino, di-4-tolylamino, di-4-t-butylphenylamino, bis(3,
5-di-t-butylphenyl)amino, N-carbazolyl, N-phenoxazinyl,
N-acridinyl and N-phenothiazinyl groups.

(Substituted Carbonyl Group)

The substituted carbonyl group preferably has 2 to 60
carbon atoms. Examples of the substituted carbonyl group
include carbonyl groups in which a part of or all the
hydrogen atoms are substituted with an alkyl group, an aryl
group, an aralkyl group or a monovalent aromatic hetero-
cyclic group. More specifically, examples of the substituted
carbonyl group include acetyl, butyryl and benzoyl groups.

(Substituted Carboxyl Group)

The substituted carboxyl group preferably has 2 to 60
carbon atoms. Examples of the substituted carboxyl group
include carboxyl groups in which a part of or all the
hydrogen atoms are substituted with an alkyl group, an aryl
group, an aralkyl group or a monovalent aromatic hetero-
cyclic group. More specifically, examples of the substituted
carboxyl group include methoxycarbonyl, ethoxycarbonyl,
butoxycarbonyl, phenoxycarbonyl and benzyloxycarbonyl
groups.

(Arylene Group)

The arylene group means an atomic group derived by
removing two hydrogen atoms of an aromatic hydrocarbon,
and includes those having fused rings.

The arylene group preferably has 6 to 60 carbon atoms.
The number of carbon atoms of the substituents is not
included in this number of carbon atoms. Examples of the
arylene groups include phenylene groups such as 1,4-phe-
nylene (a group represented by the following formula 001;
the same applies hereunder), 1,3-phenylene (formula 002)
and 1,2-phenylene (formula 003) groups; naphthalenediyl
groups such as naphthalene-1,4-diyl (formula 004), naph-
thalene-1,5-diyl (formula 005) and naphthalene-2,6-diyl
(formula 006) groups; dihydrophenanthrenediyl groups such
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as a 4,5-dihydrophenanthrene-2,7-diyl group (formula 007);
fluorenediyl groups such as fluorene-3,6-diyl (formula 008)
and fluorene-2,7-diyl (formula 009) groups; 9,9'-spirofluo-
renediyl groups such as 9,9'-spirofluorene-2,7-diyl (formula
010), 9,9'-spirofluorene-3,6-diyl (formula 011) and 9,9'-
spirofiuorene-2,2-diyl (formula 012) groups; indenofluo-
renediyl groups represented by formula 013 or the like; and
5,10-dihydroindenoindenediyl groups represented by for-
mula 014 or the like.

[Chemical Formula 15]

001
R R
R R
002
R
R i R
R
003
RAQ?R
R R
004
R R
R R
005
R R
Q R
R Q
R R
006

b b
WOO
o
b b
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[Chemical Formula 16]
Ra Ra
R Ra . Ra R
R R R R
R R

R R
R R
R R
: O O ’
R R
R R

US 9,478,744 B2

007

008

009

010

011

10

15

20

25

30

35

40

45

50

55

60

65
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012
013
014

In formulas 001 to 014, R represents a hydrogen atom, an
alkyl group, an aryl group, a monovalent aromatic hetero-
cyclic group, an alkoxy group, an aryloxy group, an aralkyl
group, an arylalkoxy group, a substituted amino group, a
substituted carbonyl group, a substituted carboxyl group, a
fluorine atom or a cyano group. Ra represents an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group or an aralkyl group. Multiple R groups in the formulas
may be the same or different and multiple Ra groups may be
the same or different. When multiple Ra groups are present
in the same group, the groups may be bonded together to
form a ring structure.

In formulas 001 to 014, R is preferably a hydrogen atom,
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group, an
aralkyl group or a substituted amino group, and more
preferably a hydrogen atom, an alkyl group or an aryl group.

In formulas 001 to 014, Ra is preferably an aryl group and
an alkyl group, and more preferably an unsubstituted aryl
group or an aryl group substituted with an alkyl group, an
alkoxy group or an aryl group; and an alkyl group.

In formulas 001 to 014, the ring structure formed when
multiple Ra groups are present is preferably an unsubstituted
cyclopentyl ring or a cyclopentyl ring substituted with an
alkyl group, a cyclohexyl ring or a cycloheptyl ring.
Examples of the arylene group when groups multiple Ra are
present in the same group and form a ring structure include
arylene groups having structures represented by the follow-
ing formulas 015 to 017.
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[Chemical Formula 17]

015

016

017

The arylene group described above includes groups
formed by bonding of two or more of independent benzene
rings or fused rings by single bonds or via a divalent group,

as well as groups having a benzene ring and those having a 5

fused ring. Examples of such an arylene group include a
biphenyl-diyl group (e.g., groups represented by the follow-
ing formulas BP-1 to BP-6) and a terphenyl-diyl group (e.g.,
groups represented by the following formulas TP-1 to TP-7).
In these formulas, R is the same as that described above.

[Chemical Formula 18]

BP-1
R R R R
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-continued

R ; R R
R R R

BP-2

BP-3

BP-4

BP-5

BP-6

TP-1

TP-2

TP-3
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TP-4
TP-5
TP-6
TP-7

(Divalent Aromatic Heterocyclic Group)

A divalent aromatic heterocyclic group is an atomic group
derived by removing two hydrogen atoms of an aromatic
heterocyclic compound, and includes those having fused
rings. The divalent aromatic heterocyclic group usually has
2 to 60 and preferably 3 to 60 carbon atoms. The number of
carbon atoms of the substituents is not included in this
number of carbon atoms. Examples of divalent aromatic
heterocyclic groups include pyridinediyl groups such as
pyridine-2,5-diyl (formula 101) and pyridine-2,6-diyl (for-
mula 102) groups; pyrimidinediyl groups such as pyrimi-
dine-4,6-diyl group (formula 103); triazine-2,4-diyl group
(formula 104); pyrazinediyl groups such as pyrazine-2,5-
diyl group (formula 105); pyridazinediyl groups such as
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pyridazine-3,6-diyl group (formula 106); quinolinediyl
groups such as quinoline-2,6-diyl group (formula 107);
isoquinolinediyl groups such as isoquinoline-1,4-diyl group
(formula 108); quinoxalinediyl groups such as quinoxaline-
5,8-diyl group (formula 109); carbazolediyl groups such as
carbazole-3,6-diyl (formula 110) and carbazole-2,7-diyl
(formula IIT) groups; dibenzofurandiyl groups such as diben-
zofuran-2,8-diyl (formula 112) and dibenzofuran-3,7-diyl
(formula 113) groups; dibenzothiophenediyl groups such as
dibenzothiophene-2,8-diyl (formula 114) and dibenzothio-
phene-3,7-diyl (formula 115) groups; dibenzosiloldiyl
groups such as dibenzosilol-2,8-diyl (formula 116) and
dibenzosilol-3,7-diyl (formula 117) groups; phenoxazin-
ediyl groups such as those represented by formulas 118 and
119 or the like; phenothiazinediyl groups such as those
represented by formulas 120 and 121 or the like; dihy-
droacridinediyl groups represented by formula 122 or the
like divalent groups represented by formula 123; pyrroldiyl
groups such as pyrrol-2,5-diyl group (formula 124);
furandiyl groups such as furan-2,5-diyl group (formula 125);
thiophenediyl groups such as thiophene-2,5-diyl group (for-
mula 126); diazolediyl groups such as a diazol-2,5-diyl
group (formula 127); triazolediyl groups such as a triazole-
2,5-diyl group (formula 128); oxazolediyl groups such as an
oxazole-2,5-diyl group (formula 129); an oxadiazole-2,5-
diyl group (formula 130); thiazolediyl groups such as a
thiazole-2,5-diyl group (formula 131); and a thiadiazole-2,
5-diyl group (formula 132).

In the following formulas 101 to 132, R and Ra mean the
same as described above.

[Chemical Formula 20]

101

=

/

\

102

=

103

104
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[Chemical Formula 21]

R R
R R
N
R R
Ra
R R
R R
N
R R
Ra
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R R
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e
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e
e

G

R
R R
R R
R, R
S
R R
R R
R R
\
RN R
R R
R, R
Si
R \ R
Ra/ Ra
[Chemical Formula 22]
R R
O
R N R
R Ra R
R R
R O R
N
R Ra R

112

113

114

115

116

117
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119
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N
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R Ra R Ra

[Chemical Formula 23]
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R 129
B
BN
NN 130
/\
AN
R 131
B
BN
132

Fst

[Polymer Compound]

Now, polymer compounds according to preferred embodi-
ments will be described.

A polymer compound according to this embodiment
includes: a structure in which multiple first groups Z are
linked by a group represented by formula (0-0); and a block
(A) having at least one of a group represented by formula
(0-1) and a group represented by formula (0-2) as the first
groups Z. The polymer compound may have a block having
a structure different from that of the block (A), e.g., a block
(B) below and other blocks. Hereinbelow, blocks constitut-
ing the polymer compound will be described.

(Block (A))

The block (A) comprises a structure in which multiple
first groups Z are linked by the group represented by formula
(0-0). Specifically, in the block (A), one or more groups
represented by Ar° are present between two first groups Z. In
the formula (0-0), n represents an average chain length in
terms of Ar® and is a numerical value of 1.0 or more and 8.0
or less. The average chain length in terms of Ar° herein
refers to the number of Ar® groups arranged among groups
Z, supposing that the first groups Z and Ar°® constituting the
block (A) are uniformly arranged according to abundance
ratios of the groups Z and Ar°. In the block (A), n is
preferably a numerical value of 1.0 or more and 6.5 or less
and more preferably 1.5 or more and 5.0 or less. It tends to
become easier to improve the brightness achieved by low-
voltage driving as the values of n become more preferable in
the range.

<Constitutional Unit Represented by Formula (0)>

The block (A) preferably has a structure including mul-
tiple constitutional units represented by formula (0)
described above. In formula (0), Ar® and Ar’® are each
preferably at least one arylene group selected from the group
consisting of phenylene, naphthalene-diyl, fluorene-diyl and
dihydrophenanthrene-diyl groups. Among them, 1,4-phe-
nylene (the aforementioned formula 001) and 4,4'-biphenyl-
diyl (the aforementioned formula BP-1) groups are more
preferable, and unsubstituted 1,4-phenylene and 4,4'-biphe-
nyl-diyl groups are particularly preferable.

The constitutional unit represented by formula (0) is
preferably the constitutional unit represented by formula (2).
In formula (2), the groups represented by Ar** and Ar*® are
preferably an arylene group, and phenylene, naphthalene-
diyl, fluorene-diyl, and dihydrophenanthrene-diyl groups are
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particularly preferable. Among them, 1,4-phenylene (the
aforementioned formula 001) and 4,4'-biphenyl-diyl (the
aforementioned formula BP-1) groups are more preferable,
and unsubstituted 1,4-phenylene and unsubstituted 4,4'-
biphenyl-diyl groups are particularly preferable.

In formula (2), the group represented by Ar*® is preferably
an aryl group, and more preferably a phenyl group substi-
tuted with an alkyl group or an aryl group. In formula (2),
both t; and t, are preferably 1 or 2 to easily synthesize the
polymer compound. Only one or two or more of the con-
stitutional units represented by formula (2) may be con-
tained in the polymer compound.

The constitutional unit represented by formula (2) is
preferably a constitutional unit represented by the following
formula 2-1 or 2-2.

[Chemical Formula 24]

2-1
N
=
N N
RZa RZa
RZa
2-2
R26 R26
A | X |
x ~
N
=
N\ N
RZa RZa
RZa

In formula 2-1, R represents a hydrogen atom, an alkyl
group or an aryl group. Multiple R*>* groups may be the same
or different. However, at least one R?® represents a group
other than a hydrogen atom. In formula 2-2, R** represents
a hydrogen atom, an alkyl group or an aryl group. Multiple
R>“ groups may be the same or different. However, at least
one R?* represents a group other than a hydrogen atom. R??
represents a hydrogen atom, an alkyl group or an aryl group.
Multiple R?” groups may be the same or different.

The constitutional unit represented by formula 2-1 is
preferably constitutional units represented by the following
formulas 2-001 to 2-008.
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[Chemical Formula 25]

CeH,

CeH,y

3

Me

Cely3

Cely3

2-001

2-002

2-003

2-004
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2005 [Chemical Formula 26]
2-101
N 5
/
Na N
10 N
=
N
CeHy3 X
Cells 15
2-006
N
Z 20 CeHy3
Na N
25
2-102
t-Bu t-Bu 30
2-007
N
/N d
35 Naw
Na N
40
CppHas
45
Cell13
2008 2-103
50
N
/
Nao 55 /N
N A
60
Me Me
Me
CeHy3 CeHys

The constitutional unit represented by formula 2-2 is ¢s
preferably constitutional units represented by the following
formulas 2-101 to 2-106.
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]
N N
CsH,7 CsHy7
2-105
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“
N N
CpoHas
2-106
l Me Me I
O N O
]
N\ N
C5H13 C6H13

<Constitutional Unit Represented by Formula (I)>

w

The block (A) preferably has a structure comprising a 33

combination of the constitutional unit represented by for-
mula (0) (preferably the constitutional unit represented by
formula (2)) and other constitutional units. Examples of the
constitutional unit other than formula (0) include the con-
stitutional unit represented by formula (I). In other words,
the block (A) particularly preferably comprises the consti-
tutional unit represented by formula (2) and the constitu-
tional unit represented by formula (I). With this configura-
tion, it becomes easy to achieve a high brightness by
low-voltage driving when the light-emitting device is
formed with the polymer compound of this embodiment.

34

The constitutional unit represented by formula (I) prefer-
ably comprises either one or both of the constitutional units
represented by formulas (3) and (4).

The groups represented by R>® in the constitutional unit
represented by formula (3) is preferably an alkyl group or an
aryl group; an alkyl group or a phenyl group substituted with
an alkyl group; and a propyl group, an isopropyl group, a
butyl group, a sec-butyl group, an isobutyl group, a tert-
butyl group, a pentyl group, an isoamyl group, a hexyl
group, a cyclohexyl group, a heptyl group, an octyl group,
a 2-ethylhexyl group, a nonyl group, a decyl group, a
3,7-dimethyloctyl group or a dodecyl group.

In formula (3), the groups represented by Ar*® are pref-
erably an arylene groups, and among them, more preferably
a 1,4-phenylene group (the aforementioned formula 001), a
1,3-phenylene group (the aforementioned formula 002) and
a fluorene-2,7-diyl group (the aforementioned formula 009).
Only one or two or more of the constitutional units repre-
sented by formula (3) may be contained in the polymer
compound. Only one or two or more of the constitutional
units represented by formula (3) may be contained in the
block (A).

On the other hand, in the constitutional unit represented
by formula (4), the group represented by Ar* is preferably
arylene groups, and among them, more preferably a 1,4-
phenylene group (formula 001), a 1,3-phenylene group
(formula 002), a 4,4'-biphenyl-diyl group (formula BP-1), a
4.4"-terphenyl-diyl group (formula TP-1), a naphthalene-2,
6-diyl group (formula 006), 4,5-dihydrophenanthrene-2,7-
diyl group (formula 007), a fluorene-3,6-diyl group (formula
008) and a fluorene-2,7-diyl group (formula 009), and
particularly preferably a 1,4-phenylene group (formula 001)
and a fluorene-2,7-diyl group (formula 009). In formula (4),
k is preferably 1.

In the constitutional unit represented by formula (4),
examples of a preferable 4,4'-biphenyl-diyl group (formula
BP-1) include constitutional units represented by the fol-
lowing formulas BP-1-1 to BP-1-10.

[Chemical Formula 27]

BP-1-1
BP-1-2
CH;
BP-1-3
CH;
LH3
BP-1-4

CH;

8

CH;
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BP-1-5

CH; CH;

CH; CHs
BP-1-6

CH;
BP-1-7

CH;

CH;

BP-1-8

CH;

CH;
BP-1-9

CH;

BP-1-10

H;

In the constitutional unit represented by formula (4),
examples of a preferable 4,4"-terphenyl-diyl group (formula
TP-1) include constitutional units represented by the fol-
lowing formulas TP-1-1 to TP-1-8.

[Chemical Formula 28]

CH;

TP-1-1

E

TP-1-2
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TP-1-3
CH;
CH;
TP-1-4
CH; CH;
TP-1-5
CH; CH;
CH; CH;
TP-1-6
CH;
CH; :j
TP-1-7
CH;
CH3!
TP-1-8
CH;

CH;

Only one or two or more of the constitutional units
represented by formula (4) may be contained in the polymer
compound. Only one or two or more of the constitutional
units represented by formula (4) may be contained in the
block (A).

In the block (A) contained in the polymer compound, it is
preferable that constitutional units represented by formula
(3) be arranged to be directly bonded to both sides of the
constitutional unit represented by formula (2). A light-
emitting device obtained with the polymer compound com-
prising such a block (A) has an excellent brightness stability
and a long life.

Similarly, for an excellent brightness stability and a long
life of the obtained light-emitting device, it is preferable to
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arrange the constitutional units represented by formula (2) to
be directly bonded to both sides of the constitutional unit
represented by formula (3) or the constitutional unit repre-
sented by formula (4).

The block (A) comprising the constitutional units repre-
sented by formulas (2), (3) and (4) is preferably conjugated
for the entire portion of the block, i.e., block (A) preferably
comprises no disconjugated site with the block (A) having
the aforementioned structure, the light-emitting device
obtained with the polymer compound has an excellent
brightness stability and long life.

The constitutional unit represented by formula (3) pret-
erably comprises either one or both of the constitutional
units represented by formulas (1) and (7). When the consti-
tutional unit represented by formula (3) contained in the
block (A) is the constitutional unit represented by formula
(1), it tends to easily obtain a light-emitting device having a
high light-emitting efficiency. When the constitutional unit
represented by formula (3) contained in the block (A) is the
constitutional unit represented by formula (7), it tends to
easily obtain a light-emitting device having an excellent
brightness stability and long life.

In the constitutional unit represented by formula (1), the
group represented by R*“ is preferably an alkyl group, an
aryl group or an aralkyl group. For satisfactory reactivity of
a monomer which is a raw material of the constitutional unit
in polymerization, the group represented by R'“ is more
preferably an alkyl group, and even more preferably a
methyl group, an ethyl group, a propyl group, a butyl group,
apentyl group and a hexyl group, and particularly preferably
a methyl group.

In formula (1), for an improved balance between the heat
resistance and solubility of the polymer compound in an
organic solvent, the group represented by R'? is preferably
a hydrogen atom, an alkyl group, an aryl group, a monova-
lent aromatic heterocyclic group and a substituted amino
group, and more preferably a hydrogen atom; an alkyl
group; an unsubstituted aryl group or an aryl group substi-
tuted with an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group or a substituted amino group; an
unsubstituted monovalent aromatic heterocyclic group or a
monovalent aromatic heterocyclic group substituted with an
alkyl group, an aryl group or a monovalent aromatic het-
erocyclic group; and a diaryl-substituted amino group, and
even more preferably a hydrogen atom, an alkyl group, and
an unsubstituted aryl group or an aryl group substituted with
an alkyl group or an aryl group, and particularly preferably
a hydrogen atom, an alkyl group, and an unsubstituted
phenyl group or a phenyl group substituted with an alkyl
group or an aryl group.

In formula (1), for a satisfactory driving voltage for the
light-emitting device obtained with the polymer compound,
the group represented by R'? is preferably a hydrogen atom,
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, and a substituted amino group, and more
preferably an unsubstituted aryl group or an aryl group
substituted with an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group or a substituted amino group; an
unsubstituted monovalent aromatic heterocyclic group or a
monovalent aromatic heterocyclic group substituted with an
alkyl group, an aryl group or a monovalent aromatic het-
erocyclic group; and a diaryl-substituted amino group, even
more preferably an aryl group substituted with a monovalent
aromatic heterocyclic group or a substituted amino group; an
unsubstituted monovalent aromatic heterocyclic group or a
monovalent aromatic heterocyclic group substituted with an
alkyl group, an aryl group or a monovalent aromatic het-
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erocyclic group; and a diaryl-substituted amino group, and
particularly preferably a phenyl group substituted with a
monovalent aromatic heterocyclic group or a substituted
amino group; a pyridyl group substituted with an alkyl
group, an aryl group or a monovalent aromatic heterocyclic
group; a pyrazyl group substituted with an alkyl group, an
aryl group or a monovalent aromatic heterocyclic group; a
pyridazyl group substituted with an alkyl group, an aryl
group or a monovalent aromatic heterocyclic group; a
pyrimidyl group substituted with an alkyl group, an aryl
group or a monovalent aromatic heterocyclic group; a 1,3,
S-triazin-2-yl group substituted with an alkyl group, an aryl
group or a monovalent aromatic heterocyclic group; a
pyridyl group and a diarylamino group.

In formula (1), for satisfactory reactivity of a monomer
which is a raw material in polymerization, the group repre-
sented by R'“ is preferably a hydrogen atom, an alkyl group,
an aryl group or a monovalent aromatic heterocyclic group,
and more preferably a hydrogen atom.

Examples of the constitutional unit represented by for-
mula (1) include constitutional units represented by the
following formulas 1-001 to 1-017, 1-101 to 1-113 and
1-201 to 1-208.

[Chemical Formula 29]

1-001
Me

1-002
Me
Me

1-003
Me

t-Bu
1-004

OG-
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[Chemical Formula 30]
Me

Me: 'I Me
Me
Me

Me: 'I Me

t-Bu

Me

Me: ‘l Me
n-Bu

1-009

1-010

1-011

1-012
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1-013 [Chemical Formula 31]
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/©/ N
Bu 23 Me Me

o
HOQH

t-B
1-015
Me Me
Me Me N
Me Me t-Bu t-Bu
Me
1-016
Me 40
Me
45 [ ]
O t-Bu N t-Bu
50
CF3

1-017 t-Bu
Me
55
Me
60 \©/
N
t-Bu t-Bu 65 ‘/—\‘

1-101
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1-104
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[Chemical Formula 32]

Me

&
OQ?dOQ
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1-111
Me
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S
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t-Bu t-Bu
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[Chemical Formula 33]
Me
/
X
N
t-Bu t-Bu

Me

\

/

1-113
5
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Me
Y
AN
CeHis
1-205
Me
Z SN
t-Bu \ |
t-Bu
[Chemical Formula 34]
1-206
Me
1-207



US 9,478,744 B2

47

-continued
1-208

Me
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Among them, the constitutional unit represented by for-
mula (1) is preferably constitutional units represented by
formulas 1-001 to 1-017, more preferably a constitutional
unit represented by formula 1-001 or 1-017, and particularly
preferably a constitutional unit represented by formula
1-001.

Only one or two or more of the constitutional units
represented by formula (1) may be contained in the polymer
compound.

In the constitutional unit represented by formula (7), for
an improved balance between the heat resistance and solu-
bility of the polymer compound in an organic solvent, the
groups represented by R7 and R’¢ are preferably an alkyl
group, an aryl group, a monovalent aromatic heterocyclic
group, an alkoxy group, an aryloxy group, an aralkyl group
or a substituted amino group, more preferably an alkyl group
or an aralkyl group, even more preferably an alkyl group,
and particularly preferably a propyl group, an isopropyl
group, a butyl groups, a sec-butyl groups, an isobutyl
groups, a pentyl groups, an isoamyl groups, a hexyl groups,
a cyclohexyl groups, a heptyl groups, an octyl groups,
2-ethylhexyl groups, a cyclohexylmethyl groups, a nonyl
groups, a decyl groups, 3,7-dimethyloctyl groups or a dode-
cyl groups.

In formula (7), for satisfactory heat resistance and solu-
bility of the polymer compound to an organic solvent and
satisfactory reactivity of a monomer which is a raw material
in polymerization, the groups represented by R7” and R’ are
preferably a hydrogen atom, an alkyl group, an alkoxy
group, an aryl group, a monovalent aromatic heterocyclic
group or an aralkyl group, more preferably a hydrogen atom

or an alkyl group, and particularly preferably a hydrogen
atom.

The constitutional unit represented by formula (7) is
preferably constitutional units represented by the following
formulas 7-001 to 7-019 and 7-101 to 7-105. Among them,
the constitutional unit represented by formula (7) is more
preferably constitutional units represented by formulas
7-001 to 7-019.
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[Chemical Formula 35]

CH;

CH;
H,c—/

H;C CH;

H,C CH;

7-001

7-002

7-003

7-004

7-005

7-006
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[Chemical Formula 36]
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7-103
[Chemical Formula 38]
7-104
CF3
7-105

CF3

F5C

On the other hand, the constitutional unit represented by
formula (4) preferable as the constitutional unit represented
by formula (I) preferably comprises at least one of the
constitutional units represented by formulas (9), (10) and
(11). In formula (9), for an improved balance between
characteristics such as the heat resistance and solubility of
the polymer compound in an organic solvent, the groups
represented by R°* and R®“ are preferably an aryl group or
an alkyl group, and more preferably an unsubstituted aryl
group or an aryl group substituted with an alkyl group, an
alkoxy group, an aryl group or a substituted amino group, or
an alkyl group.

The constitutional unit represented by formula (9) is
preferably constitutional units represented by the following
formulas 9-001 to 9-020. Among them, the constitutional
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unit represented by formula (9) is more preferably consti- -continued
tutional units represented by formulas 9-001 to 9-012 and 9-007

9-017 to 9-020.

5 .
[Chemical Formula 39]

9-001 O
10 t-Bu t-Bu
9-008
H:C  CH, D
9-002
15 l
073351 Cell13

X

20 [Chemical Formula 40]
HyC CHy HsC CH, 9-009
9003 O
. 25 .
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CeHys CeHys
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CH, CH,
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40
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9-011
45 O
CH; CH; HsC CH;
9-005 50
. CeHys Cely3
55
9-012
H,C CH,
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. t-Bu t-Bu
65
n-Bu n-Bu t-Bu t-Bu
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[Chemical Formula 41]

CeHy3 (7338}

CgHy7

9-013

9-014
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CeHyz

CeHyz

(Block (B))

The polymer compound according to this embodiment
may have the block (A) described above and a block (B),
which has a structure different from that of the block (A).
With the block having the structure as shown below as the
block (B), the heat resistance of the polymer compound can
be improved.

The block (B) may comprise the constitutional unit rep-
resented by formula (0) as the block (A). However, for the
polymer compound, a proportion of the constitutional unit
represented by formula (0) contained in the blocks prefer-
ably satisfies the following condition. More specifically, for
the polymer compound, a value represented by the following
expression (VII) is preferably 0.5 or less. Thereby the
driving voltage required for the desired brightness can be
further reduced and the life of the device can be improved.
For the satisfactory effect described above, the value repre-
sented by expression (VII) is more preferably 0.4 or less.

[BI[A] (VD

In expression (VII), [A] represents a mol % of the
constitutional unit represented by formula (0) contained in
the block (A); and [B] represents a mol % of the constitu-
tional unit represented by formula (0) in the block (B).

The block (B) preferably comprises one of the constitu-
tional unit represented by formula (IB) and the constitutional
unit represented by formula (IT), and more preferably com-
prises both the constitutional unit represented by formula
(IB) and the constitutional unit represented by formula (I).

<Constitutional Unit Represented by Formula (IB)>

The constitutional unit represented by formula (IB) pref-
erably comprises either one or both of the constitutional
units represented by formulas (3B) and (4B). More specifi-
cally, the constitutional unit represented by formula (3B) is
preferably at least one of the constitutional units represented
by formulas (1B) and (7B). The constitutional unit repre-
sented by formula (4B) is preferably at least one of the
constitutional units represented by formulas (9B), (10B) and
(11B).

The constitutional unit represented by formula (IB) is
preferably a constitutional unit similar to that represented by
formula (I). Specifically, the constitutional units represented
by formulas (3B), (4B), (1B), (7B), (9B), (10B) and (11B)
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are preferably constitutional units similar to those repre-
sented by formulas (3), (4), (1), (7), (9), (10) and (11),
respectively.

<Constitutional Unit Represented by Formula (I1)>

The constitutional unit represented by formula (II) con-
tained in the block (B) is preferably the constitutional unit
represented by formula (5). With the block (B) having the
constitutional unit represented by formula (5), the heat
resistance of the polymer compound tends to improve and
the obtained light-emitting device tends to exhibit a satis-
factory brightness even at a low driving voltage. Only one
or two or more of the constitutional units represented by
formula (5) may be contained in the polymer compound.

In formula (5), the groups represented by Ar’®, Ar’?, Ar’c,
Ar°? and Ar’” are preferably arylene groups, and among
them, more preferably a 1,4-phenylene group (the afore-
mentioned formula 001) or a fluorene-2,7-diyl group (the
aforementioned formula 009), and particularly preferably a
1,4-phenylene group (the aforementioned formula 001).

In formula (5), the groups represented by Ar’®, Ar¥ and
Ar’® are preferably an aryl group, and more preferably
phenyl groups substituted with an alkyl group. The groups
represented by Ar’?, Ar>®, Ar¥ and Ar° may each form a 5-
to 7-membered ring by bonding to a group other than the
concerned group which bonds to a nitrogen atom to which
the concerned group bonds, directly or via a group repre-
sented by —O—, —S—, —C(—0)—, —C(—=0)—0—,
—NR*)—, —C(=0)—NR*) or —C(R*),—. R* in these
groups represents an alkyl group, an aryl group, a monova-
lent aromatic heterocyclic group or an aralkyl group, and is
preferably an alkyl group.

In formula (5), with respect ton, n,, n,, n,, ng, ngand n,,
n; and n, are preferably each independently O or 1, n, is
preferably O or 1, and n,, ns, ng and n, are preferably each
independently O, 1 or 2, and n, and n, are more preferably
each independently O or 1, n, is more preferably 0, n, and ng
are more preferably each independently 1, and n5 and n, are
more preferably each independently 1 or 2.

The constitutional unit represented by formula (5) is
preferably constitutional units represented by formulas
5-001 to 5-004. In the following formulas, R has the same
definition as above.

[Chemical Formula 42]
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-continued
5-002
R R R R R R
‘TQNAQN
R R R R R R
R R R R
R R KR R
R R
5-003
R R R R
R R R R
R R
F
Ny R
R R R R
RAQNAQR
R R R R
5-004
R R R R R R R R
R R R R R R R R
R R R R
R R R R
R R

For improved light-emitting efficiency of the light-emit-
ting device using the polymer compound, the constitutional
unit represented by formula (5) is particularly preferably
constitutional units represented by formula 5-001 or 5-002.

In the block (B), for more improved light-emitting effi-
ciency of the light-emitting device, at least one of the
constitutional units represented by formulas (3B) and (4B) is
arranged to be directly bonded to both sides of the consti-
tutional unit represented by formula (5).

(Constitutional Unit Derived from Phosphorescent Light-
Emitting Compound)

The polymer compound according to this embodiment
comprises the block (A) described above and also the block
(B) described above and blocks other than these as neces-
sary. In this polymer compound, constitutional units derived
from phosphorescent light-emitting compounds may be con-
tained in the block (A), the block (B), and blocks other than
these.

Constitutional units derived from phosphorescent light-
emitting compounds are constitutional units having a struc-
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ture derived from phosphorescent light-emitting com-
pounds. Examples of such constitutional units include: a
residue derived by removing one hydrogen atom of a
phosphorescent light-emitting compound; an arylene group
or a divalent aromatic heterocyclic group including a residue
derived by removing one hydrogen atom of a phosphores-
cent light-emitting compound as a substituent; a residue
derived by removing two hydrogen atoms of a phosphores-
cent light-emitting compound; and a residue derived by
removing three hydrogen atoms of a phosphorescent light-
emitting compound. When the constitutional unit derived
from a phosphorescent light-emitting compound is a residue
derived by removing three hydrogen atoms of a phospho-
rescent light-emitting compound, the polymer compound
has a branched structure in this constitutional unit.

Examples of phosphorescent light-emitting compounds
capable of forming the constitutional unit derived from a
phosphorescent light-emitting compound include the fol-
lowing compounds. Examples of applicable phosphorescent
light-emitting compounds include known compounds, such
as triplet emitting complexes, and compounds convention-
ally utilized as light-emitting materials for low-molecular
organic electroluminescence (EL) devices. Examples of
phosphorescent light-emitting compounds include the com-
pounds represented by formula (8).

Examples of phosphorescent light-emitting compounds
also include compounds described in Nature, (1998), 395,
151, Appl. Phys. Lett. (1999), 75(1), 4, Proc. SPIE-Int. Soc.
Opt. Eng. (2001), 4105 (Organic Light-Emitting Materials
and Devices [V), 119, J. Am. Chem. Soc., (2001), 123, 4304,
Appl. Phys. Lett., (1997), 71(18), 2596, Syn. Met., (1998),
94(1), 103, Syn. Met., (1999), 99(2), 1361, Adv. Mater.,
(1999), 11(10), 852, Inorg. Chem., (2003), 42, 8609, Inorg.
Chem., (2004), 43, 6513, Journal of the SID 11/1, 161
(2003), W02002/066552, WO02004/020504, WO2004/
020448 and the like.

For a high light-emitting efficiency, compounds of which
the sum of a square of an orbital coefficient of the outermost
shell d-orbital of the central metal in the highest occupied
molecular orbital (HOMO) of a metal complex occupies not
less than 4 of the sum of a square of orbital coefficients of
all atoms are particularly preferably applied as the phospho-
rescent light-emitting compounds. Examples of such com-
pounds include ortho-metalated complexes, which are tran-
sition metals having a central metal belonging to the 6th
period.

Examples of a central metal of the triplet emitting com-
plexes include metals, which are metal atoms of atomic
numbers of 50 or more, having a spin-orbital interaction
with the complex and capable of involving the intersystem
crossing between a singlet state and a triplet state. The
central metal is preferably gold, platinum, iridium, osmium,
rhenium, tungsten, europium, terbium, thulium, dysprosium,
samarium, praseodymium, gadolinium and ytterbium; more
preferably gold, platinum, iridium, osmium, rhenium and
europium; even more preferably gold, platinum, iridium and
rhenium; particularly preferably gold and iridium; and nota-
bly preferably iridium.

Examples of the ligand of the triplet emitting complex
with iridium as the central metal include ligands bonded to
an iridium atom of 8-quinolinol and a derivative thereof,
benzoquinolinol and a derivative thereof or the like by a
nitrogen atom and an oxygen atom by coordinate bonding or
covalent bonding, ligands bonded via a nitrogen atom and a
carbon atom of 2-phenyl-pyridine and a derivative thereof or
the like by coordinate bonding or covalent bonding, ligands
bonded via a nitrogen atom and a carbon atom of 1-phenyl-
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isoquinoline and a derivative thereof or the like by coordi-
nate bonding or covalent bonding, and ligands bonded via an
oxygen atom of acetylacetone and a derivative thereof or the
like by coordinate bonding or covalent bonding. The ligand
of the triplet emitting complex with iridium as the central
metal is more preferably 2-phenyl-pyridine and a derivative
thereof, 1-phenyl-isoquinoline and a derivative thereof, and
acetylacetone and a derivative thereof, and even more pref-
erably 2-phenyl-pyridine and a derivative thereof and 1-phe-
nyl-isoquinoline and a derivative thereof.

For a satisfactory solubility, the phosphorescent light-
emitting compound is preferably a compound having a
substituent such as an alkyl group, an alkoxy group, an
optionally substituted aryl group, an optionally substituted
monovalent aromatic heterocyclic group and a halogen
atom. The substituents preferably have a total of 3 or more
atoms, except for a hydrogen atom, more preferably 5 or
more, even more preferably 7 or more, and particularly
preferably 10 or more atoms. Furthermore, the substituents
are preferably present for each ligand. In this case, the type
of the substituents may be the same or different for each
ligand.

Examples of such phosphorescent light-emitting com-
pounds include the following compounds.

[Chemical Formula 43]
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Examples of the constitutional unit derived from the
65 phosphorescent light-emitting compound which may be

—3 contained in the polymer compound according to a preferred
embodiment include the following constitutional units.
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[Chemical Formula 47]
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[Chemical Formula 48]
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[Chemical Formula 49]

The polymer compound comprising the constitutional
unit derived from a phosphorescent light-emitting com-
pound is preferable from a viewpoint of easy preparation of
solution containing the polymer compound used in produc-
ing the light-emitting device. In addition, the polymer com-
pound comprising the constitutional unit derived from a
phosphorescent light-emitting compound is preferable from
a viewpoint that the current can be easily allowed to flow in
the light-emitting device.

(Structure of Polymer Compound)

The polymer compound of the present invention com-
prises the block (A) described above and may have a
structure comprising the block (B) and blocks other than the
block (A) and the block (B) as a block other than the block
(A). Examples of the polymer compound include a com-
pound having a structure in which blocks are linked directly
or via a hydrocarbon group and a group having heteroatoms.
Examples of the structure by linking the blocks include the
following groups. In the following formulas, R has the same

50

t-Bu

[Chemical Formula 50]
t-Bu

definition as above and Ar represents a trivalent or tetrava-
lent hydrocarbon group having 6 to 60 carbon atoms.

[Chemical Formula 51]
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When the polymer compound comprises no constitutional
unit derived from a phosphorescent light-emitting com-
pound, the polymer compound wholly preferably comprises
the constitutional units represented by formula (0) (prefer-
ably formula (2)), formula (3), formula (4), formula (3B),
formula (4B) and formula (5) at a ratio of 0.9 or more of the
total mass of these constitutional units when the total mass
of'the polymer compound is 1. When the polymer compound
comprises a constitutional unit derived from a phosphores-
cent light-emitting compound, a ratio of the total mass of the
constitutional units represented by formula (0), (3), (4), (3B)
(4B) and (5) and the constitutional unit derived from a
phosphorescent light-emitting compound is preferably 0.9 or
more when the total mass of the polymer compound is 1 The
light-emitting device using the polymer compound is
thereby enabled to exhibit a high brightness and imparted
with excellent brightness stability when the light-emitting
device is driven at a low voltage.

Furthermore, when the polymer compound comprises the
constitutional units derived from phosphorescent light-emit-
ting compounds, a proportion of the total number of moles
of the constitutional units derived from phosphorescent
light-emitting compounds is preferably 0.0001 to 0.4 with
respect to the total number of moles of all the constitutional
units, more preferably 0.001 to 0.3, and even more prefer-
ably 0.001 to 0.25.

The end structure of the polymer compound is not par-
ticularly limited. However, if an end group is a polymeriz-
able group, characteristics of the light-emitting device, such
as the driving voltage, light-emitting efficiency, and life,
obtained when the polymer compound is used in fabricating
the light-emitting device may degrade. The end groups are
therefore preferably stable groups that are not polymerizable
groups. The end groups are preferably groups bonded to the
main chain of the polymer compound by conjugated bond-
ing. Examples of the end groups include end groups bonded
to an aryl group or a monovalent aromatic heterocyclic
group by carbon-carbon bonding. The aryl group and the
monovalent aromatic heterocyclic group are preferably sub-
stituted or unsubstituted phenyl groups, and more preferably
phenyl groups substituted with an alkyl group or an aryl
group or unsubstituted phenyl groups.

With respect to the molecular weight of the polymer
compound, the polystyrene-equivalent number-average
molecular weight (Mn) by gel permeation chromatography
(hereinafter, referred to as “GPC”) is preferably 1x10° to
1x10%, more preferably 5x10° to 1x105, and even more
preferably 5x10° to 5x10°. The polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound by GPC is preferably 1x10° to 1x10%, and to
achieve satisfactory film formability and satisfactory light-
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emitting efficiency, it is more preferably 1x10* to 5x10°,
even more preferably 1x10* to 1x10°, and particularly
preferably 1x10* to 5x10°.

Furthermore, in the polymer compound, the polystyrene-
equivalent number-average molecular weight (Mn) of the
block (A) by GPC is preferably 1x10° to 2x10°, more
preferably 3x10® to 1x10°, and even more preferably 5x10°
to 5x10* to lower the driving voltage and improving the
light-emitting efficiency of the light-emitting device. The
polystyrene-equivalent weight-average molecular weight
(Mw) of the block (A) by GPC is preferably 1x10° to 3x10°,
more preferably 3x10° to 2x10°, and even more preferably
5x10° to 1x10° to lower the driving voltage and improving
the light-emitting efficiency of the light-emitting device.

The polymer compound preferably satisfies a condition
such that a value represented by the following expression
(V) is 0.01 or more and 0.8 or less and more preferably 0.05
or more and 0.5 or less. With this configuration, the effects
of'lowering the driving voltage and improving the brightness
stability of the light-emitting device can be more satisfac-
torily achieved.

[C)/[D] ™)

In expression (V), [C] represents the polystyrene-equiva-
lent weight-average molecular weight of the block (A), and
[D] represents the polystyrene-equivalent weight-average
molecular weight of the polymer compound.

When the molecular weight distribution of the polymer
compound and the block (A) is multimodal, the preferable
range of the molecular weight is applied to a component
having the largest molecular weight.

For satisfactory durability in processes for fabrication of
light-emitting devices and the like, satisfactory stability
against heat release during operation of light-emitting
devices, and satisfactory heat resistance, the glass transition
temperature of the polymer compound is preferably 70° C.
or more, more preferably 80° C. or more, and the upper limit
thereof is preferably 200° C.

The polymer compound according to this embodiment
having the structure described above is useful as a material
of light-emitting devices (e.g., light-emitting materials and
charge transport materials). A light-emitting device using the
polymer compound is a high-performance light-emitting
device capable of being driven with high light-emitting
efficiency. Consequently, the light-emitting device is useful
for a backlight of liquid crystal display, curved or flat light
source for illumination, segment type display device, a
display apparatus such as dot matrix flat panel display or the
like.

In addition, the polymer compound of this embodiment is
also useful as a laser pigment, an organic solar cell material,
an organic semiconductor for an organic transistor, a mate-
rial for a conductive film such as an electric conductive film
or organic semiconductor film or a light-emitting film mate-
rial that emits fluorescence or phosphorescence.

[Method for Producing Polymer Compound]

The polymer compound of the present invention has a
structure comprising the block (A) described above. In order
that the polymer compound securely comprises the block
(A), the polymer compound is preferably synthesized by
methods such as; a method in which compounds capable of
forming a high molecular block (A) are synthesized, then a
compound that is a group for linking the compounds is
added, and then the reaction of the mixture is involved; a
method in which compounds capable of forming a high
molecular block (A) are synthesized and then monomers for
forming a block (B) is added to involve polymerization; a
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method in which compounds capable of forming a high
molecular block (B) are synthesized and then monomers for
forming a block (A) is added to involve polymerization
thereof; or a method in which compounds capable of form-
ing a high molecular block (A) and compounds capable of
forming a high molecular block (B) are each previously
synthesized and then the reaction of the mixture is run.

In the method in which compounds capable of forming a
block (A) and compounds capable of forming a block (B) are
each synthesized and then the mixture is reacted, both
compounds may be directly bonded, or otherwise may
undergo a reaction with a compound to be added thereto,
which is a group for linking the compounds and with
compounds to be added thereto, which are capable of
forming blocks other than the blocks (A) and (B), to obtain
a structure in which the block (A) and the block (B) are
bonded via the linking group or other blocks.

More specifically, the following methods (i) to (v), (iii-2)
and (iv-2) are preferable as the method for producing a
polymer compound. The compounds represented by formu-
las (R-0), (R-I) and (R-II) and constitutional units repre-
sented by formulas (0), (I) and (II) in the following methods
(1) to (v), (iii-2) and (iv-2) are as follows. In the formulas,
signs representing elements such as groups and numerical
values have the same definitions as those with the same signs
described above. Furthermore, W', W2, W2!, W22, W' and
W32 are each independently a polymerizable group capable
of involving a condensation-polymerization reaction.

[Chemical Formula 52]

R-0)
Wl—(—AIOH—)TZ—(—AIOb—)TWZ

R-I)
WZI—AII—WZZ

(R-II)

Wil— A2 — W32
©

_f(_AIOLz 351 7~ AL 352

Ao oy

e am

The compound represented by formula (R-0) is a com-
pound for forming the constitutional unit represented by
formula (0) (starting monomer), the compound represented
by formula (R-I) is a compound for forming the constitu-
tional unit represented by formula (I) (starting monomer),
and the compound represented by formula (R-II) is a com-
pound for forming the constitutional unit represented by
formula (II) (starting monomer).

In the following methods, compounds other than the
compounds represented by formulas (R-0), (R-]) and (R-1I)
and capable of involving condensation-polymerization reac-
tions with the compounds represented by these formulas can
also be used. Such compounds will hereafter be referred to
as “other condensation-polymerizable compounds.” The
methods (i) to (v), (iii-2) and (iv-2) for producing a polymer
compound using such compounds will be described.

(1) A method comprising: a first step of synthesizing a
compound A comprising multiple constitutional units rep-
resented by formula (0) (first compound) by condensation-
polymerizing a compound represented by formula (R-0)
only or by condensation-polymerizing a monomer mixture

5

10

15

20

25

30

35

40

45

50

55

60

65

78

containing a compound represented by formula (R-0) and a
compound represented by formula (R-I) (monomer mixture
A); and a second step of producing a polymer compound
having a block (A) comprising the multiple constitutional
units represented by formula (0) by condensation-polymer-
izing the compound A and a compound having a structure
different from that of the compound A and capable of being
condensation-polymerized with the compound A (other con-
densation-polymerizable compounds can be further added to
the monomer mixture A).

(i) A method comprising: a first step of synthesizing a
compound A comprising multiple constitutional units rep-
resented by formula (0) by condensation-polymerizing a
compound represented by formula (R-0) only or by conden-
sation-polymerizing a monomer mixture containing a com-
pound represented by formula (R-0) and a compound rep-
resented by formula (R-I) (monomer mixture A); and a
second step of producing a polymer compound having a
block (A) comprising multiple constitutional units repre-
sented by formula (0) by condensation-polymerizing a mix-
ture containing the compound A and a monomer mixture
which comprises a compound represented by formula (R-I)
and a compound represented by formula (R-II) (monomer
mixture B) (other condensation-polymerizable compounds
can be further added to each of the monomer mixture A and
the monomer mixture B).

(i) A method comprising: a first step of producing a
compound A comprising multiple constitutional units rep-
resented by formula (0) by condensation-polymerizing a
compound represented by formula (R-0) or by condensation-
polymerizing a monomer mixture containing a compound
represented by formula (R-0) and a compound represented
by formula (R-I) (monomer mixture A); a second step of
producing a compound B comprising multiple constitutional
units represented by formula (II) (second compound) by
condensation-polymerizing a monomer mixture containing a
compound represented by formula (R-I) and a compound
represented by formula (R-1I) (monomer mixture B); and a
third step of producing a polymer compound having a block
(A), which comprises multiple constitutional units repre-
sented by formula (O), and a block (B), which comprises
multiple constitutional units represented by formula (II), by
condensation-polymerizing the compound A and the com-
pound B (other condensation-polymerizable compounds can
be further added to each of the monomer mixture A and the
monomer mixture B).

(iv) A method comprising: a first step of producing a
compound. C by condensation-polymerizing other conden-
sation-polymerizable compounds; and a second step of
producing a polymer compound having a block (A) com-
prising multiple constitutional units represented by formula
(0) by condensation-polymerizing the compound C and a
compound represented by formula (R-0) or by condensation-
polymerizing a mixture containing the compound C and a
monomer mixture containing a compound represented by
formula (R-0) and a compound represented by formula (R-I)
(monomer mixture C) (other condensation-polymerizable
compounds can be further added to the monomer mixture
Q).

(v) A method comprising: a first step of producing a
compound B comprising multiple constitutional units rep-
resented by formula (II) by condensation-polymerizing a
monomer mixture containing a compound represented by
formula (R-]) and a compound represented by formula (R-1I)
(monomer mixture B); and a second step of producing a
polymer compound having a block (A), which comprises
multiple constitutional units represented by formula (0), and
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a block (B), which comprises multiple constitutional units
represented by formula (II), by condensation-polymerizing
the compound B and a compound represented by formula (0)
or by condensation-polymerizing a mixture containing the
compound B and a monomer mixture containing a com-
pound represented by formula (R-0) and a compound rep-
resented by formula (R-I) (monomer mixture A) (other
condensation-polymerizable compounds can be further
added to each of the monomer mixture A and the monomer
mixture B).

(iii-2) A method comprising: a first step of producing a
compound A comprising multiple constitutional units rep-
resented by formula (0) (first compound) by condensation-
polymerizing a compound represented by formula (R-0) or
by condensation-polymerizing a monomer mixture contain-
ing a compound represented by formula (R-0) and a com-
pound represented by formula (R-I) (monomer mixture A);
a second step of producing a compound B comprising
multiple constitutional units represented by formula (1)
(second compound) by condensation-polymerizing a com-
pound represented by formula (R-I); and a third step of
producing a polymer compound having a block (A), which
comprises multiple constitutional units represented by for-
mula (0), and a block (B), which comprises multiple con-
stitutional units represented by formula (I), by condensation-
polymerizing the first compound and the second compound
(other condensation-polymerizable compounds can be fur-
ther added to each of the first and the second monomer
mixtures).

(iv-2) A method comprising: a first step of producing a
compound B comprising multiple constitutional units rep-
resented by formula (I) by condensation-polymerizing a
compound represented by formula (R-I); and a second step
of producing a polymer compound having a block (A)
comprising multiple constitutional units represented by for-
mula (0) by condensation-polymerizing the compound B
and a compound represented by formula (R-0) or by con-
densation-polymerizing a mixture containing a monomer
mixture which comprises a compound represented by for-
mula (R-0) and a compound represented by formula (R-I)
(monomer mixture A) (other condensation-polymerizable
compounds can be further added to the monomer mixture
A).

In producing the polymer compounds, the molecular
weight of the block (A) and the block (B) can be controlled
by adjusting conditions, such as the stoichiometric amount
of the compounds used in the condensation polymerization,
the type of the catalyst, the catalyst quantity, whether a base
and an acid is to be added, the reaction temperature, the type
of the solvent or the concentration of the solution.

Furthermore, the polymer compound according to the
aforementioned embodiment can be produced by methods
other than the methods (i) to (v), (iii-2) and (iv-2); for
example by reacting a combination of compounds having
specific polymerizable groups capable of converting starting
monomers, as various types of starting monomers for form-
ing the constitutional units, to be selectively reactable or
non-reactable. Examples of such methods include the fol-
lowing methods (vi) and (vii).

(vi) A method comprising: a first step of producing a
compound E having substituents Y* on both ends thereof by
reacting compounds represented by formula (R-0) and hav-
ing polymerizable groups as groups W' and W2, which are
capable of reacting with each other to form a bond, and a
compound D having both a polymerizable group W? capable
of reacting with W' and W* to form a bond, and substituents
Y*, which do not react with W' and W?; and a second step
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of producing a polymer compound having a block (A)
comprising multiple constitutional units represented by for-
mula (0) by reacting the compound E under conditions for
involving a reaction between the substituents Y*.

(vii) A method comprising: a first step of producing a
compound E having substituents Y* on both ends thereof by
reacting compounds represented by formula (R-0) and hav-
ing polymerizable groups as groups W' and W2, which are
capable of reacting with each other to form a bond, and a
compound D having both a polymerizable group W* capable
of reacting with W' and W? to form a bond, and substituents
Y*, which do not react with W' and W?; and a second step
of producing a polymer compound having a block (A)
comprising multiple constitutional units represented by for-
mula (0) by reacting the compound E with a compound F,
which has two substituents Y* and Y> capable of reacting
with Y! to form a bond, under conditions for involving a
reaction among Y*, Y? and Y>.

In these methods, the compounds represented by formulas
(R-I) and (R-II) and other condensation-polymerizable com-
pounds having W? as a polymerizable group (e.g., W', W2,
W3 and W32) and Y', Y2 and Y> can be applied as the
compound D and the compound F. The phrase “do not react
with W' or W*” means that no reaction with W' or W?
occurs under conditions for involving a reaction with W* or
W2,

In these methods, the compound A (the first compound),
the compound B (the second compound), the compound C
and the compound E may proceed to the next step imme-
diately after being synthesized; or otherwise may proceed to
the next step after once extracted to undergo various puri-
fication operations to synthesize a polymer compound.

The polymer compound of the embodiment described
above can comprise constitutional units derived from phos-
phorescent light-emitting compounds in either one or mul-
tiple blocks thereof. When such constitutional units derived
from phosphorescent light-emitting compounds are intro-
duced, compounds prepared by introducing polymerizable
groups to ligands of the aforementioned phosphorescent
light-emitting compounds can be applied as the starting
monomers. By adding the starting monomers by appropriate
steps in the aforementioned methods, constitutional units
derived from phosphorescent light-emitting compounds can
be introduced to desired sites.

The following compounds are preferable as the com-
pounds represented by formulas (R-0), (R-I) and (R-II) for
forming constitutional units of the polymer.

The compounds represented by formula (R-0) are prefer-
ably compounds represented by formula (13), and more
preferably compounds represented by formula (14). By
using the compounds represented by formula (14), consti-
tutional units represented by formula (2) can be easily
introduced to the block (A).

[Chemical Formula 53]

13)
X130 pg0a_7 5 063

Xl4a__ 5 2a /| N\\ A2t —xl4a
N = N

Ar2c

(14)
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In formulas (13) and (14), Z, Ar°, Ar®, Ar**, Ar*® and
Ar* each have the same definitions as above. X*3% and X'**
are polymerizable groups capable of involving a condensa-
tion-polymerization reaction as W' and W* described above,
and are preferably groups selected from the following sub-
stituent group (a) and substituent group (b).

(Substituent Group (a))

A chlorine atom, a bromine atom, an iodine atom and a
group represented by —O—S(—0),R,,, where R, repre-
sents an alkyl group or an aryl group optionally substituted
with an alkyl group, an alkoxy group, a nitro group, a
fluorine atom or a cyano group.

(Substituent Group (b))

A group represented by —B(OR?"),, where R*' repre-
sents a hydrogen atom or an alkyl group, and the two R*!
groups may be the same or different and may be bonded
together to form a ring, a group represented by —BF,Q",
where Q' represents a monovalent cation of lithium, sodium,
potassium, rubidium or cesium, a group represented by
—Sn(R??),, where R?* represents a hydrogen atom or an
alkyl group, and the three R** groups may be the same or
different and may be bonded together to form a ring, a group
represented by —MgY", where Y' represents a chlorine
atom, a bromine atom or an iodine atom, and a group
represented by —ZnY?, where Y? represents a chlorine
atom, a bromine atom or an iodine atom.

Compounds represented by formula (R-I) are preferably a
compound represented by formula (15) and a compound
represented by formula (16).

[Chemical Formula 54]

15
(R3a)g

XlSa_Ar3a_X15a
(16)

X16a_(_Ar4a_)k_Xma

A compound represented by formula (15) is a compound
for forming a constitutional unit represented by formula (3),
and a compound represented by formula (16) is a compound
for forming a constitutional unit represented by formula (4).
In these formulas, R*?, Ar*?, Ar*®, g and k each have the
same definition as above. X'>* and X'%“ are a group selected
from the substituent group (a) and the substituent group (b).

The compound represented by formula (R-II) is prefer-
ably a compound represented by formula (17).

[Chemical Formula 55]
an
X””—(—Arsa—)TN—f(—Aer—)—(—ArSh—)—Na—(—Arsc S—x7a

1

ArSe

A compound represented by formula (17) is a compound
for forming a constitutional unit represented by formula (5).
In formula (17), Ar*®, Ar’®, Ar’¢, Ar'?, Ar’®, Ar”, Ar’s, Ar"

15

30

35

40

45

50

60

82

and n' to n’ each have the same definition as above. X'’ is
a group selected from the substituent group (a) and the
substituent group (b).

In producing the polymer compound, the total number of
moles of compounds represented by formula (13) (prefer-
ably formula (14)), formula (15), formula (16) and formula
(17) is preferably 60 to 100 and more preferably 70 to 100
with respect to the total number of moles of all the starting
monomers being 100.

X13e X14e X549 X164 and X'7%, which are polymerizable
groups contained in the compounds represented by formulas
(13), (14), (15), (16) and (17), respectively, are preferably
the following combinations to further improve the light-
emitting efficiency of the light-emitting device using the
polymer compound to be produced.

More specifically, X3¢, X***, X'%@ and X'7 are a group
preferably selected from the substituent group (a) and X*°¢
and/or X'%® are a group preferably selected from the sub-
stituent group (b); or otherwise, X3¢, X1#4, X154 and X'74
are a group preferably selected from the substituent group
(b) and X' and/or X*®¢ are a group selected from the
substituent group (a). Among these combinations, the former
combination is more preferable, in which X'3¢, X!44 X!64
and X*7“ are a group selected from the substituent group (a)
and X*** and/or X*% are a group selected from the substitu-
ent group (b).

The alkyl group, which is an example of R?°, R** and R**
in the group represented by —O—S(=0),R*° in the sub-
stituent group (a), the group represented by —B(OR?'), in
the substituent group (b), and the group represented by
—Sn(R*?),, respectively, preferably has 1 to 20, more
preferably 1 to 15, and even more preferably 1 to 10 carbon
atoms. The aryl group, which is an example of R*° and
optionally substituted with an alkyl group, an alkoxy group,
a nitro group, a fluorine atom or a cyano group, is preferably
a phenyl group, a 4-tolyl group, a 4-methoxyphenyl group,
a 4-nitrophenyl group, a 3-nitrophenyl group, a 2-nitrophe-
nyl group or a 4-trifftuvoromethylphenyl group. When R?°,
R and R?? are these groups, the reactivity in polymeriza-
tion of a monomer tends to become satisfactory and the
synthesis of polymer compounds tends to become easy.

Examples of the group represented by —O—S(=0),R*°
in the substituent group (a) include methanesulfonyloxy,
trifluoromethanesulfonyloxy, phenylsulfonyloxy, 4-methyl-
phenylsulfonyloxy and 4-trifluoromethylphenylsulfonyloxy
groups.

Examples of the groups represented by —B(OR?"), in the
substituent group (b) include groups represented by the
following formulas.

[Chemical Formula 56]

OMe
/ _ j >
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Examples of the groups represented by —BF,Q" in the
substituent group (b) include a group represented by —BF;~
K*. Furthermore, examples of the groups represented by
—Sn(R*?), in the substituent group (b) include trimethyl-
stannyl, triethylstannyl and tributylstannyl groups.

When the compounds represented by formulas (13), (14),
(15), (16) and (17) are used as the starting monomers to be
polymerized to form the polymer compound, the compounds
are preferably highly purified to produce a high-purity
polymer compound prior to the polymerization. By forming
the light-emitting device with high-purity polymer com-
pounds, the light-emitting device tends to be enabled to be
driven at a satisfactory driving voltage and excellent light-
emitting efficiency tends to be achieved.

The high-purification of the compounds represented by
formulas (13), (14), (15), (16) and (17) can be carried out by
methods such as distillation, sublimation purification and
recrystallization. The compounds become more desirable as
the purity of the compounds becomes higher. For example,
in an analysis by high-performance liquid chromatography
(HPLC) with a UV detector (detection wavelength: 254 nm),
an area percentage value indicated by the peak for the
compounds is preferably 98.5% or more, more preferably
99.0% or more, and even more preferably 99.5% or more.

For polymerization (condensation-polymerization) reac-
tions caused by using the compounds represented by for-
mulas (13), (14), (15), (16) and (17), examples of methods
using an aryl coupling reaction include a method of polym-
erization by Suzuki coupling reaction (Chem. Rev. Vol. 95,
p. 2457-2483 (1995)), a method of polymerization by Gri-
gnard reaction (Bull. Chem. Soc. Jpn., Vol. 51, p. 2091
(1978)), a method of polymerization with a Ni(0) catalyst
(Progress in Polymer Science, Vol. 17, p. 1153-1205, 1992)
or a method with Stille coupling reaction (European Poly-
mer Journal Vol. 41, p. 2923-2933 (2005)).

Among these methods, the method of polymerization by
Suzuki coupling reaction and the method of polymerization
with a Ni(0) catalyst are preferred for ease of starting
monomer synthesis and simpleness of the polymerization
reaction procedure, while for easier control of the polymer
compound structure, methods of polymerization by a cross-
coupling reaction such as Suzuki coupling reaction, Gri-
gnard reaction or Stille coupling reaction are more preferred,
and a polymerization reaction by Suzuki coupling reaction is
particularly preferred.

For the groups represented by X3¢, X4, X132 X164 and
X'7% which are polymerizable groups contained in the
compounds represented by formulas (13), (14), (15), (16)
and (17), appropriate groups may be selected according to
the type of the polymerization reaction. For example, when
polymerization is carried out by Suzuki coupling reaction,
the groups are preferably bromine atoms, iodine atoms,
chlorine atoms and groups represented by —B(OR?'),, and
more preferably bromine atoms or groups represented by
—B(OR?*'),. When these groups are contained as polymer-
izable groups, the synthesis of the compounds represented
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by formulas (13), (14), (15), (16) and (17) becomes simple
and the ease of handling the compounds during polymer-
ization becomes satisfactory.

Examples of the polymerization method include a method
of reacting the compounds represented by formula (13)
(preferably formula (14)), formula (15), formula (16) and
formula (17) (monomer mixture) and the like having the
substituent group (a) and the substituent group (b) as the
polymerizable groups, with an appropriate catalyst or base
as necessary. When a method of polymerization by a cross-
coupling reaction such as Suzuki coupling reaction, Gri-
gnard reaction or Stille coupling reaction is selected, the
ratio of the number of moles of the group contained in the
substituent group (a) and the number of moles of the group
contained in the substituent group (b) in the entire com-
pound may be adjusted to obtain a polymer compound with
the desired molecular weight. For preferable cases, the ratio
of the total number of moles of the group contained in the
substituent group (b) to the total number of moles of the
group contained in the substituent group (a) is preferably
0.90 to 1.10, more preferably 0.95 to 1.05, and even more
preferably 0.98 to 1.02.

However, in a step for synthesizing the compound for
forming a block (A) (the aforementioned compound A), the
ratio of the total number of moles of the group contained in
the substituent group (b) to the total number of moles of the
group contained in the substituent group (a) is preferably
0.50 to 2.00, more preferably 0.55 to 1.45, and even more
preferably 0.60 to 1.40, so as to provide the block (A) with
a satisfactory structure.

For polymerization by Suzuki coupling reaction,
examples of the catalyst include a transition metal complex,
for example, a palladium complex such as palladium [tet-
rakis(triphenylphosphine)], [tris(dibenzylideneacetone)]di-
palladium, palladium acetate or dichlorobistriphenylphos-
phinepalladium or a catalyst in which a ligand such as
triphenylphosphine, tri(t-butyl)phosphine, tris(o-methoxy-
phenyl)phosphine or tricyclohexylphosphine is coordinated
with these transition metal complexes as necessary.

These catalysts may be synthesized beforehand or pre-
pared in the reaction system and used directly. These cata-
lysts may be used singly or in combinations of two or more.

When a catalyst is used, the amount of catalyst used may
be an amount that is effective as a catalyst. For example, the
amount of catalyst with respect to the total number of moles
of the monomers to be used is preferably 0.00001 to 3 mol
equivalents, more preferably 0.00005 to 0.5 mol equivalents,
and even more preferably 0.0001 to 0.2 mol equivalents in
terms of the transition metal.

For polymerization by Suzuki coupling reaction, it is
preferred to use a base as the catalyst. Examples of the base
include inorganic bases such as sodium carbonate, potas-
sium carbonate, cesium carbonate, potassium fluoride,
cesium fluoride and tripotassium phosphate, and organic
bases such as tetrabutylammonium fluoride, tetrabutylam-
monium chloride, tetrabutylammonium bromide, tetraethyl-
ammonium hydroxide and tetrabutylammonium hydroxide.
The bases can be used as aqueous solutions.

When a base is used, it is preferable to set the amount of
base with respect to the total number of moles of the starting
monomer to be used, and the amount of base is preferably
0.5 to 20 mol equivalents and more preferably 1 to 10 mol
equivalents.

The polymerization (condensation polymerization) reac-
tion may be carried out in the absence of a solvent or in the
presence of a solvent, but it will preferably be carried out in
the presence of an organic solvent. Examples of the organic
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solvent include toluene, xylene, mesitylene, tetrahydrofuran,
1,4-dioxane, dimethoxyethane, N,N-dimethylacetamide or
N,N-dimethylformamide. In order to suppress side reac-
tions, the solvent is preferred to be subjected to a deoxidiz-
ing treatment. Such organic solvents may be used singly or
in combinations of two or more.

The amount of organic solvent used is preferably an
amount to make a total concentration of the total starting
monomers in the solution at 0.1 to 90% by mass, more
preferably 1 to 50% by mass, and even more preferably 2 to
30% by mass.

The reaction temperature for the polymerization reaction
is preferably 0 to 200° C., more preferably 20 to 150° C., and
even more preferably 20 to 120° C. The reaction time is
preferably 0.5 hours or longer, and more preferably 2 to 500
hours.

When a group represented by —MgY" is to be applied as
a group contained in the substituent group (b), the polym-
erization reaction is preferably carried out under dehydrating
conditions. On the other hand, when the polymerization
reaction is Suzuki coupling reaction, the base may be used
as an aqueous solution, and water may be added to the
organic solvent, for use as the solvent.

In order to prevent polymerizable groups (such as X3,
X4 X135a X164 and X'7%) from remaining at the ends of the
polymer compound to be produced, a compound represented
by formula (19) may be further used as a chain terminator in
the polymerization reaction. By a reaction with the afore-
mentioned compound added, a polymer compound in which
the ends are substituted with aryl or a monovalent aromatic
heterocyclic group can be obtained. The chain terminator
represented by formula (19) may be used singly or in
combinations of two or more in polymerization for produc-
ing a polymer compound.

[Chemical Formula 57]

X 19a__p 19 (19)

In formula (19), Ar'®® represents an optionally substituted
aryl group or an optionally substituted monovalent aromatic
heterocyclic group, and X'°* represents a group selected
from the substituent group (a) and the substituent group (b).

In formula (19), the aryl group and the monovalent
aromatic heterocyclic group represented by Ar'°“ are pref-
erably an aryl group, more preferably an unsubstituted aryl
group or an aryl group substituted with an alkyl group, an
aryl group, a monovalent aromatic heterocyclic group or a
substituted amino group, even more preferably an unsubsti-
tuted aryl group or an aryl group substituted with an alkyl
group or an aryl group, and particularly preferably an
unsubstituted phenyl group or a phenyl group substituted
with an alkyl group or an aryl group.

Post-treatment after the polymerization reaction may be
carried out by a known method. For example, such post-
treatment may be carried out by methods such as adding the
reaction solution obtained by the polymerization reaction to
alower alcohol such as methanol and filtering and drying the
deposited precipitate.

When the purity of the polymer compound obtained in the
aforementioned manner is low, it may be purified by a
method such as recrystallization, continuous extraction with
a Soxhlet extractor or column chromatography. When the
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polymer compound is to be used in a light-emitting device,
the purity affects the performance of the device, including its
luminescence property, and therefore the condensation
polymerization is preferably followed by purification treat-
ment, such as reprecipitation purification or fractionation by
chromatography.

The polymer compound of this embodiment has a struc-
ture at least comprising a block (A) represented by formula
(0) and further comprising a block (B) or other blocks as
necessary. Such polymer compounds can be synthesized so
as to have a desired structure by involving a polymerization
reaction by using a starting monomer having a substituent
appropriate for the applied polymerization reaction at an
appropriate proportion

In the present invention, the average chain length in terms
of'the block (A) can be determined based on the structure of
a starting monomer constituting a block (A), of starting
monomers for synthesizing the polymer compound. For
example, when the starting monomers constituting a block
(A) comprises those represented by formulas (R-0) and (R-1)
and when Ar°%, Ar”® and Ar' are monocyclic starting mono-
mers (the cycle includes a fused ring), the average chain
length n in formula (0-0) positioned between formulas (0-1)
and (0-2) can be determined by the following expression.

B Molar ratio of formula (R — 1)
"= Molar ratio of formula (R —0)

[Expression 1]

+S51+5,

In the expression, the “molar ratio of formula (R-0)” and
the “molar ratio of formula (R-0)” represent the molar ratio
with respect to all the starting monomers for synthesizing
the polymer compound.

When formula (R-]) is a starting monomer comprising
multiple monocycles or fused rings, the average chain length
is determined by using a molar ratio obtained by adding
molar ratios of all the multiple monocycles contained in
formula (R-I) as the molar ratio of formula (R-I) in the
aforementioned expression.

Hereinbelow, preferable examples will be described
regarding preferable starting monomers for obtaining a
preferable polymer compound, types of substituents con-
tained in the starting monomer and involved in a polymer-
ization reaction, and proportion of the starting monomers
used in the polymerization reaction.

<Purpose of Use in Blue Phosphorescence>

Examples of polymer compounds with which a high
brightness can be achieved even by low-voltage driving
when applied as host materials for blue phosphorescent
light-emitting compounds include the following com-
pounds. More specifically, polymer compounds preferable
in this case are preferably a polymer compound EP-1B and
a polymer compound EP-2B shown in the following Table
1. These polymer compounds are obtained by carrying out
the various production methods described above on a com-
bination of various types of starting monomers shown in
Table 1 at the proportions of the number of moles shown
therein.

In Table 1, the “type of starting monomer” column
represents which of the compounds represented by formulas
(13), (14), (15), (16) and (17) described above is used as the
starting monomer. “(OTHER)” denotes that the compound is
different from any of the compounds represented by formu-
las (13), (14), (15), (16) and (17). Furthermore, (a) and (b)
in the “polymerizable group” column denotes which of a
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group included in the substituent group (a) and a group
included in the substituent group (b) is included in each
compound (starting monomer) as a polymerizable group
(group represented by X3¢, X4 x1%@ X6 op X179,

88

In these polymer compounds, the compound represented
by formula (16) may have a structure corresponding to the
formation of the constitutional units represented by formula
(9). However, in this case, the constitutional units repre-

TABLE 1

Polymer

compound Starting monomer

EP-1B Type (13), 14) (15 (15) 16) (17) (OTHER) (OTHER)
Polymerizable group (a) (a) (b) (a) (a) (a) (b)
Number of moles 0.2-49.8  0-49.8 40-55 0-49.8 0-49.8 0-20 0-20

EP-2B Type (13), 14) (15 (15) 16) (17) (OTHER) (OTHER)
Polymerizable group (b) (b) (a) (b) (b) (b) (a)
Number of moles 0.2-49.8  0-49.8 40-55 0-49.8 0-49.8 0-20 0-20

20

However, the polymer compound used for the phospho-
rescence blue purpose preferably comprises no constitu-
tional unit represented by formula (9) for satisfactory emis-
sion due to its T1 energy higher than that of a
phosphorescent light-emitting compound. Therefore, the
compound represented by formula (16) is preferably not a
compound having a structure corresponding to the formation
of the constitutional units represented by formula (9).
Accordingly, the compound represented by formula (16) is
preferably a compound having a monocyclic arylene group
or a monocyclic divalent aromatic heterocyclic group as
Ar*,

Furthermore, the compound represented by formula (16)
is preferably polymerized so that compounds represented by
formula (15) are bonded on both sides thereof for high T1
energy of the polymer compound. Similarly, the compound
represented by formula (13) (preferably formula (14)) is
preferably polymerized so that compounds represented by
formula (15) are bonded on both sides thereof for high T1
energy of the polymer compound.

<Purpose of Use in Green Phosphorescence>

Examples of polymer compounds with which a high
brightness can be achieved even by low-voltage driving
when applied as host materials for green phosphorescent
light-emitting compounds include the following com-
pounds. More specifically, polymer compounds preferable
in this case are preferably a polymer compound EP-1G and
a polymer compound EP-2G shown in the following Table
2. These polymer compounds are obtained by using a
combination of various types of starting monomers shown in
Table 2 at the proportions of the number of moles shown
therein. The descriptions in Table 2 each mean the same as
those in Table 1.
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sented by formula (9) are preferably arranged so that they
are not continuously arranged in the obtained polymer
compound, for satisfactory emission due to its T1 energy
higher than that of a phosphorescent light-emitting com-
pound. Therefore, in this case, the compound represented by
formula (16) for forming the constitutional unit represented
by formula (9) is preferably polymerized so that compounds
represented by formula (15) are bonded on both sides
thereof. Similarly, the compound represented by formula
(13) (preferably formula (14)) is preferably polymerized so
that compounds represented by formula (15) are bonded on
both sides therecof for high T1 energy of the polymer
compound.

<Purpose of Use in Red Phosphorescence>
Examples of polymer compounds with which a high

brightness can be achieved even by low-voltage driving
when applied as host materials for red phosphorescent
light-emitting compounds include the following com-
pounds. More specifically, polymer compounds preferable
in this case are preferably a polymer compound. EP-1R and
a polymer compound EP-2R shown in the following Table
3. These polymer compounds are obtained by polymerizing
a monomer mixture prepared by combining various types of
starting monomers shown in Table 3 at the proportions of the
number of moles shown therein. The descriptions in Table 3

each mean the same as those in Table 1.

TABLE 2
Polymer
compound Starting monomer
EP-1G Type (13), 14) (15 (15) 16) (17) (OTHER) (OTHER)
Polymerizable group (a) (a) (b) (a) (a) (a) (b)
Number of moles 0.2-49.8  0-49.8 40-55 0-49.8 0-49.8 0-20 0-20
EP-2G Type (13), 14) (15 (15) 16) (17) (OTHER) (OTHER)

Polymerizable group

(b)
0.2-49.8

(®) (@) ®)

Number of moles 0-49.8  40-55 0-49.8

(b)
0-49.8

(b)
0-20

@
0-20
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TABLE 3

Polymer

compound Starting monomer

EP-1R Type (13), 14) (15 (15) 16) 16) (17) (OTHER) (OTHER)
Polymerizable group (a) (a) (b) (a) (b) (a) (a) (b)
Number of moles 0.2-49.8  0-49.8 45-55 0-49.8 45-55 1-49.8 0-20 0-20

EP-2R Type (13), 14) (15 (15) 16) 16) (17) (OTHER) (OTHER)
Polymerizable group (b) (b) (a) (b) (a) (b) (b) (a)
Number of moles 0.2-49.8  0-49.8 45-55 0-49.8 45-55 1-49.8 0-20 0-20

In these polymer compounds also, the compound repre-
sented by formula (16) can have a corresponding structure to
form the constitutional unit represented by formula (9).
Even in this case, the constitutional units represented by
formula (9) can be continuously arranged in the obtained
polymer compound. The compound represented by formula
(13) (preferably formula (14)) is preferably polymerized so
that at least one of a compound represented by formula (15)
or a compound represented by formula (16) are bonded on
both sides thereof for high T1 energy of the polymer
compound.

The polymer compounds for purposes of use in phospho-
rescence blue, green, and red as described above are par-
ticularly preferably EP-2B, EP-2G and EP-2R, respectively,
to achieve an easy control of the polymerization reaction in
forming the polymer compound.

[Composition]

A composition of the present invention contains the
polymer compound described above and at least one mate-
rial selected from the group consisting of hole transport
materials, electron transport materials and light-emitting
materials. Such a composition can be used as a light-
emitting material, a hole transport material or an electron
transport material. In the composition of the present inven-
tion, the polymer compound, the hole transport material, the
electron transport material, and the light-emitting material
may be each used singly or in combinations of two or more.

In the composition, a ratio between “at least one material
selected from the group consisting of hole transport mate-
rials, electron transport materials, and light-emitting mate-
rials” and a polymer compound is preferable if the following
conditions are satisfied when the composition is used as the
light-emitting material. More specifically, the proportion of
“at least one material selected from the group consisting of
hole transport materials, electron transport materials, and
light-emitting materials” with respect to 100 mass parts of
the polymer compound is preferably 0.01 to 400 mass parts
and more preferably 0.05 to 200 mass parts for each mate-
rial.

Materials known as hole transport materials for light-
emitting devices can be applied as the hole transport mate-
rial. Examples of hole transport materials include polyvi-
nylcarbazole and derivatives thereof, polysilane and
derivatives thereof, polysiloxane derivatives having aro-
matic amines on side chains or the main chain, pyrazoline
derivatives, arylamine derivatives, stilbene derivatives,
polyaniline and derivatives thereof, polythiophene and
derivatives thereof, polyarylamine and derivatives thereof,
polypyrrole and derivatives thereof, poly(p-phenylenevi-
nylene) and derivatives thereof, and poly(2,5-thienylenevi-
nylene) and derivatives thereof. The derivatives may have an
arylene group or a divalent aromatic heterocyclic group as
copolymerization components (constitutional units).

Materials known as electron transport materials for light-
emitting devices can be applied as the electron transport
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material. Examples of electron transport materials include
oxadiazole derivatives, anthraquinodimethane and deriva-
tives thereof, benzoquinone and derivatives thereof, naph-
thoquinone and derivatives thereof, anthraquinone and
derivatives thereof, tetracyanoanthraquinodimethane and
derivatives thereof, fluorenone derivatives, diphenyldicya-
noethylene and derivatives thereof, diphenoquinone deriva-
tives, metal complexes of 8-hydroxyquinoline and deriva-
tives thereof, triaryltriazine and derivatives thereof,
polyquinoline and derivatives thereof, polyquinoxaline and
derivatives thereof, and polyfluorene and derivatives
thereof. The derivatives may have an arylene group or a
divalent aromatic heterocyclic group as copolymerization
components (constitutional units).

The light-emitting material is preferably a material
including the aforementioned phosphorescent light-emitting
compound for an excellent light-emitting efficiency. In addi-
tion, a fluorescent light-emitting compound can be used as
the light-emitting material. The fluorescent light-emitting
compounds include a low molecular fluorescent material and
a high molecular fluorescent material. Low molecular fluo-
rescent materials usually have a maximum peak of emission
of fluorescence in the wavelength range of 400 to 700 nm
The molecular weight of the low molecular fluorescent
material is preferably less than 3,000, more preferably 100
to 2,000, and even more preferably 100 to 1,000.

Materials known as light-emitting materials for light-
emitting devices can be applied as the low molecular fluo-
rescent material. Examples include pigment materials such
as naphthalene derivatives, anthracene and derivatives
thereof, perylene and derivatives thereof, quinacridone
derivatives, xanthene-based pigments, coumarin-based pig-
ments, cyanine-based pigments, triphenylamine derivatives,
oxadiazole derivatives, pyrazoloquinoline derivatives,
distyrylbenzene derivatives, distyrylarylene derivatives,
pyrrole derivatives, thiophene ring compounds, pyridine
ring compounds and oligothiophene derivatives; and metal
complex materials such as metal complexes having Al, Zn
and Be or rare earth metals such as Tb, Eu and Dy as central
metals such as alumiquinolinol complexes, beryllium ben-
zoquinolinol complexes, benzoxazolyl zinc complexes, ben-
zothiazole zinc complexes, azomethyl zinc complexes, por-
phyrin zinc complexes and europium complexes, and having
oxadiazole, thiadiazole, phenylpyridine, phenylbenzoimida-
zole and quinoline structures as ligands.

Examples of high molecular fluorescent materials include
materials prepared by polymerizing the pigment based light-
emitting materials and metal complex based light-emitting
materials described above as examples of the low molecular
fluorescent materials, such as polyparaphenylenevinylene
derivatives, polythiophene derivatives, polyparaphenylene
derivatives, polysilane derivatives, polyacetylene deriva-
tives, polyfluorene derivatives and polyvinylcarbazole
derivatives.
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The composition preferably includes a phosphorescent
light-emitting compound as at least one material selected
from the group consisting of a hole transport material, an
electron transport material and a light-emitting material.
When the composition includes a phosphorescent light-
emitting compound, the proportion of the phosphorescent
light-emitting compound is preferably 0.01 to 80 mass parts
and more preferably 0.1 to 50 mass parts with respect to 100
mass parts of the polymer compound.

Furthermore, the composition according to the preferred
embodiment may contain, in addition to the aforementioned
polymer compounds, at least one selected from the group
consisting of another polymer compound having only a
repeating unit of the block (A) contained in the aforemen-
tioned polymer compound, another polymer compound hav-
ing only a repeating unit of the block (B) contained in the
aforementioned polymer compound or a polymer compound
including no repeating unit of the block (A) or the block (B).
Another polymer compound having a repeating unit of the
block (A) only refers to a copolymer constituted by consti-
tutional units of the block (A). Similarly, another polymer
compound having a repeating unit of the block (B) only
refers to a copolymer constituted by constitutional units of
the block (B).

[Solution]

A solution of the present invention contains a polymer
compound and a solvent. The solution also includes a
mixture of the aforementioned composition and a solvent.
The solution described above is advantageous in applying to
printing methods and the like, and may be generally referred
to as an ink or an ink composition. The solution of the
present invention may contain a hole transport material, an
electron transport material, a light-emitting material, a sta-
bilizer, a thickener (a high molecular compound for increas-
ing viscosity), a low molecular weight compound for
decreasing the viscosity, a high molecular compound other
than the polymer compound of the aforementioned embodi-
ment, such as a surfactant and an antioxidant and the like.
The components contained in the solution may be contained
singly or in combinations of two or more.

The proportion of the polymer compound of the present
invention in the solution is preferably 0.1 to 99 mass parts,
more preferably 0.5 to 40 mass parts, and even more
preferably 0.5 to 20 mass parts, with respect to 100 mass
parts of the whole solution.

The viscosity of the solution may be adjusted according to
the type of a printing method to be applied and the like. For
example, when the solution is applied to a method such as
an ink jet printing method, in which the solution is to be
passed through a discharge device, the viscosity at 25° C. is
preferably 1 to 20 mPas to prevent clogging or curving
trajectory during discharge. The viscosity can be adjusted by
controlling the content of the solvent and the like.

The solvent constituting the solution is preferably capable
of dissolving or uniformly dispersing a solid content to
become a solute. Examples of the solvent include a chlorine-
based solvent such as chloroform, methylene chloride, 1,2-
dichloroethane, 1,1,2-trichloroethane, chlorobenzene or
o-dichlorobenzene; an ether-based solvent such as tetrahy-
drofuran, dioxane or anisole; an aromatic hydrocarbon-
based solvent such as toluene or xylene; an aliphatic hydro-
carbon-based solvent such as cyclohexane,
methylcyclohexane, n-pentane, n-hexane, n-heptane, n-oc-
tane, n-nonane or n-decane; a ketone-based solvent such as
acetone, methyl ethyl ketone, cyclohexanone, benzophe-
none or acetophenone; an ester-based solvent such as ethyl
acetate, butyl acetate, ethyl cellosolve acetate, methyl ben-
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zoate and phenyl acetate; a polyhydric alcohol such as
ethylene glycol, ethyleneglycol monobutyl ether, ethyl-
eneglycol monoethyl ether, ethyleneglycol monomethyl
ether, dimethoxyethane, propylene glycol, diethoxymeth-
ane, triethyleneglycol monoethyl ether, glycerin or 1,2-
hexanediol or a derivative thereof; an alcohol-based solvent
such as methanol, ethanol, propanol, isopropanol or cyclo-
hexanol; a sulfoxide-based solvent such as dimethyl sulfox-
ide; or an amide-based solvent such as N-methyl-2-pyrroli-
done or N,N-dimethylformamide. These solvents may be
used singly or in combinations of two or more.

It is preferable to use two or more types of the solvents in
combination, for satisfactory film formability and device
characteristics. In particular, it is more preferable to use two
or three types in combination and particularly preferable to
use two types in combination.

When the solution contains two types of solvents, one
type of them can be in a solid state at 25° C. The boiling
point of at least one solvent is preferably 180° C. or more
and more preferably 200° C. or more for satisfactory film
formability. Furthermore, for preferable viscosity, both of
the two types of solvents are preferably capable of dissolv-
ing the polymer compound of the aforementioned embodi-
ment at 60° C. at the concentration of 1% by mass or more.
At least one of the two types of solvents is preferably
capable of dissolving the polymer compound at 25° C. at the
concentration of 1% by mass or more.

When the solution contains two or more types of solvents,
the proportion of the solvent having the highest boiling point
in the solution is preferably 40 to 90% by mass of the mass
of the whole solvent, more preferably 50 to 90% by mass,
and even more preferably 65 to 85% by mass for satisfactory
viscosity and film formability.

When the solution contains a thickener, the thickener may
be soluble in the same solvent as that in which the polymer
compound is soluble, and may be one not interfering with
the emission or the transport of charges. For example, high
molecular weight polystyrenes and high molecular weight
polymethyl methacrylates can be used. The compound used
as the thickener is preferably a compound having a poly-
styrene-equivalent weight-average molecular weight of
5x10° or more and a compound having a polystyrene-
equivalent weight-average molecular weight of 1x10° or
more.

Furthermore, the antioxidant is used to improve the stor-
age stability of the solution. The antioxidant may be soluble
in the same solvent as that in which the polymer compound
is soluble, and may be one not interfering with the emission
or the transport of charges. Examples of antioxidants include
phenol-based antioxidants and phosphor-based antioxidants.

In addition, the solution can contain water, metals and
salts thereof, silicon, phosphor, fluorine, chlorine, bromine
and the like in the range of 1 to 1,000 ppm on mass basis.
Examples of the aforementioned metal include lithium,
sodium, calcium, potassium, iron, copper, nickel, aluminum,
zine, chromium, manganese, cobalt, platinum and iridium.

[Film]

The film according to the preferred embodiment com-
prises a polymer compound of the preferred embodiment
described above. Examples of the film include light-emitting
films, electric conductive films and organic semiconductor
film. The film may include a combination of the components
constituting the aforementioned composition according to
its purposes of use.

The film can be fabricated by carrying out methods such
as a spin coating method, a casting method, a microgravure
coating method, a gravure coating method, a bar coating
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method, a roll coating method, a wire bar coating method, a
dip coating method, a spray coating method, a screen
printing method, a flexographic printing method, an offset
printing method, an ink jet printing method, a capillary
coating method or a nozzle coating method, by using the
polymer compound directly or in states such as the afore-
mentioned composition and solution.

For example, when a film is fabricated by using the
aforementioned solution, baking can be carried out at a
temperature of 100° C. or more (e.g., 130 to 160° C.)
depending on the glass transition temperature of the polymer
compound contained in the solution.

If the film is a light-emitting film, the light-emitting
quantum yield is preferably 30% or more, more preferably
40% or more, even more preferably 50% or more, and
particularly preferably 60% or more for satisfactory bright-
ness and the emission voltage of the device.

If the film is an electric conductive film, the surface
resistivity is preferably 1 k€Q/sq. or less, more preferably 100
Q2/sq. or less, and even more preferably 10 /sq. or less. The
electric conductivity of an electric conductive film can be
increased by doping Lewis acids, ionic compounds or the
like. The unit “Q/sq.” represents surface resistivity.

If the film is an organic semiconductor film, the greater of
the values of the electron mobility and the hole mobility of
the film is preferably 10> cm?®/V/s or more, more preferably
10~ ¢m*V/s or more, and even more preferably 107"
cm?/V/s or more. For example, an organic transistor can be
fabricated by forming the organic semiconductor film on a
Si substrate, on which an insulating film such as SiO, film
and a gate electrode are formed, and by forming a source
electrode and a drain electrode by means of Au or the like.

[Light-Emitting Device]

The light-emitting device of the present invention
includes electrodes comprising an anode and a cathode, and
an organic layer containing the aforementioned polymer
compound of the present invention provided between the
electrodes. The light-emitting device may include either one
organic layer only or two or more of them. When two or
more organic layers are provided, at least one layer may
contain the polymer compound of the present invention
described above.

The organic layer containing the aforementioned polymer
compound of the present invention can function as a light-
emitting layer, a hole transport layer and an electron block-
ing layer in the light-emitting device. Therefore, in the
light-emitting device of this embodiment, at least one of the
layers is preferably constituted by an organic layer contain-
ing the aforementioned polymer compound of the present
invention. The light-emitting device particularly preferably
comprises an organic layer containing the aforementioned
polymer compound of the present invention in its light-
emitting layer. The light-emitting device may include other
layers in addition to organic layers functioning as a cathode,
an anode and a light-emitting layer (hereinafter be simply
referred to as a “light-emitting layer™), for example, between
or among the layers. Each layer may comprise one layer or
two or more layers. The materials and compounds consti-
tuting each layer may be used singly or in combinations of
two or more.

Examples of layers provided between an anode and a
light-emitting layer include a hole injection layer, a hole
transport layer and an electron blocking layer. When one
such a layer only is provided between the anode and the
light-emitting layer, the layer is a hole injection layer. When
two or more of such layers are provided between the anode
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and the light-emitting layer, the layer contacting with the
anode is a hole injection layer and the other layer(s) are hole
transport layer(s).

A hole injection layer has a function of improving the
efficiency of hole injection from the anode. A hole transport
layer has a function of improving the hole injection from the
hole injection layer or a layer closer to the anode. On the
other hand, when the layers have a function of blocking the
transport of electrons, the layers are electron blocking lay-
ers. Whether a target layer has a function of blocking the
transport of electrons can be verified by fabricating a device
which allows electron currents only to flow therein and by
determining whether the current value decreases.

Examples of the layer provided between the cathode and
the light-emitting layer include an electron injection layer,
an electron transport layer and a hole blocking layer. When
one such a layer only is provided between the cathode and
the light-emitting layer, the layer is an electron injection
layer. When two or more of such layers are provided
between the cathode and the light-emitting layer, the layer
contacting with the cathode is an electron injection layer and
the other layer(s) are electron transport layers.

An electron injection layer has a function of improving
the injection of electrons from the cathode. An electron
transport layer has a function of improving the injection of
electrons from the electron injection layer or a layer closer
to the cathode. When these layers have a function of
blocking the transport of the hole, the layers may be referred
to as hole blocking layers. Whether a layer has a function of
blocking the transport of holes can be verified by fabricating
a device which allows hole currents only to flow therein and
by determining whether the current value decreases.

Examples of structures of the light-emitting device having
the configuration including the aforementioned layers
include the following structures a) to d). The symbol “/” in
the following structures indicates that the layers are lami-
nated adjacent to each other (the same applies hereunder).
a) Anode/light-emitting layer/cathode
b) Anode/hole transport layer/light-emitting layer/cathode
¢) Anode/light-emitting layer/electron transport layer/cath-
ode
d) Anode/hole transport layer/light-emitting layer/electron
transport layer/cathode

Of the hole transport layer and the electron transport layer
provided adjacent to the electrodes (cathode and anode),
those having a function of improving the charge injection
efficiency from the electrodes and having an effect of
lowering the driving voltage of the device, are sometimes
referred to as charge injection layers.

In order to increase adhesiveness with the electrodes
(cathode and anode) and improve charge injection from the
electrodes, there may be further provided adjacent to the
electrodes a charge injection layer or insulating layer. In
addition, a thin buffer layer may be provided at the interface
with the charge transport layer or light-emitting layer to
increase the interfacial adhesiveness between the layers and
prevent intermixture of the constituent materials. The order
and number of the laminated layers and the thickness of each
layer may be adjusted in consideration of the light-emitting
efficiency and the life of the device.

Examples of light-emitting devices further provided with

charge injection layers include those having the following
structures e) to p).
e) Anode/charge injection layer/light-emitting layer/cathode
f) Anode/light-emitting layer/charge injection layer/cathode
g) Anode/charge injection layer/light-emitting layer/charge
injection layer/cathode
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h) Anode/charge injection layer/hole transport layer/light-
emitting layer/cathode

i) Anode/hole transport layer/light-emitting layer/charge
injection layer/cathode

j) Anode/charge injection layer/hole transport layer/light-
emitting layer/charge injection layer/cathode

k) Anode/charge injection layer/light-emitting layer/charge
transport layer/cathode

1) Anode/light-emitting layer/electron transport layer/charge
injection layer/cathode

m) Anode/charge injection layer/light-emitting layer/elec-
tron transport layer/charge injection layer/cathode

n) Anode/charge injection layer/hole transport layer/light-
emitting layer/charge transport layer/cathode

0) Anode/hole transport layer/light-emitting layer/electron
transport layer/charge injection layer/cathode

p) Anode/charge injection layer/hole transport layer/light-
emitting layer/electron transport layer/charge injection
layer/cathode

FIG. 1 shows a cross-sectional configuration of the light-
emitting device having the aforementioned structure j) as an
example. More specifically, in FIG. 1, a light-emitting
device 10 has a structure in which an anode 1, a hole
injection layer (charge injection layer),, a hole transport
layer 3, a light-emitting layer 4, an electron injection layer
(charge injection layer) 6 and a cathode 7 are laminated in
this order on a substrate 0.

The layers of the light-emitting device having the afore-
mentioned structures a) to p) have the following configura-
tions, for example.

(Anode)

An anode is normally transparent or semi-transparent and
includes a metal oxide, a metallic sulfide and a metal film
with a high electric conductivity, and among them, prefer-
ably includes a material with a high transmissivity. As the
materials of the anode, a film fabricated using a conductive
inorganic compound comprising indium oxide, zinc oxide,
tin oxide and a complex thereof such as indium tin oxide
(ITO) and indium zinc oxide or NESA, gold, platinum,
silver, copper or the like are used. Among them, ITO, indium
zinc oxide, and tin oxide are preferable. In fabricating the
anode, methods such as a vacuum vapor deposition method,
a sputtering method, an ion plating method or a plating
method may be used. The anode used may be an organic
transparent conductive film made of polyaniline or a deriva-
tive thereof, or polythiophene or a derivative thereof.

The thickness of the anode may be selected in consider-
ation of light permeability and electric conductivity. For
example, the thickness of the anode is preferably 10 nm to
10 um, more preferably 20 nm to 1 um, and even more
preferably 40 nm to 500 nm.

(Hole Injection Layer)

Examples of materials used for a hole injection layer
include conductive polymers including phenylamine-based
compounds, starburst amine-based compounds, phthalocya-
nine-based compounds, oxides such as vanadium oxides,
molybdenum oxides, ruthenium oxides and aluminum
oxides, amorphous carbon atoms, polyaniline and deriva-
tives thereof, and polythiophene and derivatives thereof.

If the hole injection layer is a conductive polymer or a
polymer compound of the aforementioned embodiment,
anions such as polystyrenesulfonate ions, alkylbenzenesul-
fonate ions and camphorsulfonate ions can be doped to the
hole injection layer to improve the electric conductivity of
the polymer or the polymer compound as necessary.
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(Hole Transport Layer)

Examples of materials used for the hole transport layer
include materials mentioned above as examples of hole
transport materials. When the material used for the hole
transport layer is a low molecular compound, the low
molecular compound is preferably dispersed in a macromo-
lecular binder to be used. When the polymer compound of
the aforementioned embodiment is used for the hole trans-
port layer, the polymer compound preferably includes a hole
transporting group (an aromatic amino group, a thienyl
group or the like) as a constitutional unit and/or a substituent
of the polymer compound.

In particular, the hole transport material used for the hole
transport layer is preferably the polymer compound of the
present invention in addition to polyvinylcarbazole and
derivatives thereof, polysilane and derivatives thereof, poly-
siloxane derivatives having aromatic amines on side chains
or the main chain, and polyarylamine and derivatives
thereof.

When the material used for the hole transport layer is a
low molecular compound, examples of the film-forming
method for the hole transport layer include a method using
a mixed solution containing the low molecular compound
and a macromolecular binder, and when a polymer com-
pound is used as the material for the hole transport layer,
examples of the film-forming method for the hole transport
layer include a method using a solution containing the
polymer compound.

The solvent used in the film-forming using a solution may
be a solution capable of dissolving the material used for the
hole transport layer. Examples of the solvent include a
chlorine-based solvent such as chloroform, methylene chlo-
ride and dichloroethane; an ether-based solvent such as
tetrahydrofuran; an aromatic hydrocarbon-based solvent
such as toluene or xylene; a ketone-based solvent such as
acetone or methyl ethyl ketone; and an ester-based solvent
such as ethyl acetate, butyl acetate or ethyl cellosolve
acetate.

Coating methods such as a spin coating method, a casting
method, a microgravure method, a gravure coating method,
a bar coating method, a roll coating method, a wire bar
coating method, a dip coating method, a spray coating
method, a screen printing method, a flexographic printing
method, an offset printing method or an ink jet printing
method, which use the solution, can be used in the film
formation using the solution.

The macromolecular binder to be combined with a low
molecular compound is preferably one that produces only
minimal interference with charge transport, and preferably
one with weak absorption for visible light. Examples of the
macromolecular binders include polycarbonates, polyacry-
lates, polymethyl acrylate, polymethyl methacrylate, poly-
styrene, polyvinyl chloride and polysiloxanes.

The thickness of the hole transport layer may be selected
in consideration of the driving voltage and light-emitting
efficiency. However, although the thickness must be such
that pinholes are not easily generated, the driving voltage for
the light-emitting device may become high if the hole
transport layer is extremely thick. Therefore, the thickness
of the hole transport layer is preferably 1 nm to 1 pM, more
preferably 2 nm to 500 nm, and even more preferably 5 nm
to 200 nm.

(Light-Emitting Layer)

The light-emitting layer is formed by an organic com-
pound which emits fluorescence or phosphorescence (low
molecular compound and polymer compound) and a dopant
which aids the compound as necessary. The light-emitting
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layer of the light-emitting device of this embodiment pref-
erably includes the polymer compound, the light-emitting
material and the like according to the aforementioned
embodiment. When the light-emitting material is a low
molecular compound, the material is preferably dispersed in
a macromolecular binder to be used.

Dopants can be added to the light-emitting layer to
improve the light-emitting efficiency and to change the
emission wavelength. Examples of the dopant include
anthracene derivatives, perylene derivatives, coumarin
derivatives, rubrene derivatives, quinacridone derivatives,
squarium derivatives, porphyrin derivatives, styryl-based
pigments, tetracene derivatives, pyrazolone derivatives,
decacyclene and phenoxazone.

The thickness of the light-emitting layer may be selected
in consideration of the driving voltage and light-emitting
efficiency, and is preferably 2 to 200 nm, for example.

A method in which a solution containing a light-emitting
material is coated on or above the substrate, a vacuum vapor
deposition method, a transfer method and the like can be
used as the film-forming method for the light-emitting layer.
When the film formation using a solution is carried out,
solvents similar to those described as examples with respect
to the film formation for the hole transport layer using a
solution can be applied as the solvent. As the method in
which a solution containing a light-emitting material is
coated on or above the substrate, a spin coating method, a
dip coating method, an ink jet printing method, a flexog-
raphic printing method, a gravure printing method, a slit
coating method or the like can be used. When the light-
emitting material is a low molecular compound with subli-
mation property, the film formation can be carried out by the
vacuum vapor deposition method. In addition, a method for
forming a light-emitting layer at a desired position by laser
transfer or thermal transfer can be used.

(Electron Transport Layer)

Examples of materials used for the electron transport
layer include the aforementioned polymer compound of the
present invention and the aforementioned electron transport
material. When the aforementioned polymer compound of
the present invention is used for the electron transport layer,
the polymer compound preferably includes an electron
transporting group (an oxadiazole group, an oxathiadiazole
group, a pyridyl group, a pyrimidyl group, a pyridazyl
group, a triazyl group and the like) as a constitutional unit
and/or a substituent of the polymer compound.

In particular, the electron transport material used for the
electron transport layer is preferably the aforementioned
polymer compound of the present invention, oxadiazole
derivatives, benzoquinone and derivatives thereof, anthra-
quinone and derivatives thereof, metal complexes of 8-hy-
droxyquinoline and derivatives thereof, polyquinoline and
derivatives thereof, polyquinoxaline and derivatives thereof,
and polyfluorene and derivatives thereof.

Examples of the film-forming method for the electron
transport layer include, when the material used for the
electron transport layer is a low molecular compound, a
vacuum vapor deposition method using powders and a
method by film formation in a solution or in a melted state.
On the other hand, when the material used for the electron
transport layer is a polymer compound, examples include a
method by film formation in a solution or in a melted state.
A macromolecular binder may be used in combination in the
film formation in a solution or in a melted state. The film
formation using a solution can be carried out in a similar
manner as the film-forming method for the hole transport
layer using a solution described above.
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The thickness of the electron transport layer can be
adjusted in consideration of the driving voltage and light-
emitting efficiency. However, although the thickness must be
such that pinholes are not easily generated, the driving
voltage for the light-emitting device may become high if the
electron transport layer is extremely thick. Therefore, the
film thickness of the electron transport layer is preferably 1
nm to 1 um, more preferably 2 nm to 500 nm, and even more
preferably 5 nm to 200 nm.

(Electron Injection Layer)

The configuration of the electron injection layer may be
selected according to the type of the light-emitting layer.
Examples of the electron injection layer include an electron
injection layer composed of a single Ca-layer structure; and
an electron injection layer having a laminate structure
including a layer formed with: one or two or more selected
from group 1 or 2 metals of the periodic table except Ca with
a work function of 1.5 to 3.0 eV, and oxides, halides, and
carbonates of the metals; and a Ca layer. Examples of the
group 1 metals of the periodic table with a work function of
1.5 to 3.0 eV and oxides, halides, and carbonates of the
metals include lithium, lithium fluorides, sodium oxides,
lithium oxides and lithium carbonates. Examples of the
group 2 metals of the periodic table with a work function of
1.5 t0 3.0 eV except Ca and oxides, halides and carbonates
of the metals include strontium, magnesium oxides, mag-
nesium fluorides, strontium fluorides, barium fluorides,
strontium oxides and magnesium carbonates.

An electron injection layer can be formed by an evapo-
ration method, a sputtering method, a printing method and
the like. The thickness of the electron injection layer is
preferably 1 nm to 1 pm.

(Cathode)

Materials with a low work function and capable of easily
injecting electrons into the light-emitting layer are prefer-
able as materials for the cathode. For example, a metal such
as lithium, sodium, potassium, rubidium, cesium, beryllium,
magnesium, calcium, strontium, barium, aluminum, scan-
dium, vanadium, zinc, yttrium, indium, cerium, samarium,
europium, terbium or ytterbium or an alloy comprising two
or more of these metals, or an alloy comprising one or more
of these metals with one or more of gold, silver, platinum,
copper, manganese, titanium, cobalt, nickel, tungsten and
tin, or graphite or a graphite interlaminar compound is used.
Examples of the alloy include a magnesium-silver alloy, a
magnesium-indium alloy, a magnesium-aluminum alloy, an
indium-silver alloy, a lithium-aluminum alloy, a lithium-
magnesium alloy, a lithium-indium alloy and a calcium-
aluminum alloy.

When the cathode is formed of a laminate structure of two
or more layers, a laminate structure including metals, metal
oxides, metal fluorides or alloys thereof, and metals such as
aluminum, silver and chromium is preferable.

The cathode may be formed by methods such as a vacuum
vapor deposition method, a sputtering method or a laminat-
ing method involving thermocompression bonding of a
metal film. The thickness of the cathode may be selected in
consideration of electric conductivity and durability. The
thickness of the cathode is preferably 10 nm to 10 um, more
preferably 20 nm to 1 um, and even more preferably 50 nm
to 500 nm, for example.

(Protective layer)

After the cathode is fabricated, a protective layer for
protecting the light-emitting device may be further formed
on an upper portion of the cathode. For prolonged stable use
of the light-emitting device, a protective layer and/or pro-
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tective cover is particularly preferably situated to protect the
light-emitting device from the external environment.

Polymeric compounds, metal oxides, metal fluorides,
metal borides and the like can be used as materials consti-
tuting a protective layer. As the protective cover, a metal
plate, a glass plate, a plastic sheet that has been subjected to
low-water permeability treatment on the surface or the like
may be used. Examples of methods for protecting the
light-emitting device using the protective cover include a
method in which the protective cover is hermetically
attached to the element board with a thermosetting resin or
photocuring resin. In this case, a spacer may be used to
maintain a space, thus helping to easily prevent damage to
the device. By encapsulating an inert gas such as nitrogen or
argon into the space, it is possible to prevent oxidation of the
cathode. Furthermore, setting a desiccant such as barium
oxide in the space will help to easily suppress damage to the
device by moisture adsorbed during the production steps or
a minute quantity of moisture infiltrating through the cured
resin. It is preferable to employ one or more of the afore-
mentioned measures for the light-emitting device.

The light-emitting device according to the preferred
embodiment described above can be used as a surface light
source, a display apparatus (a segment display apparatus or
a dot matrix display apparatus), and a backlight for a liquid
crystal display apparatus.

A planar anode and cathode may be placed overlapping to
each other in order to obtain planar luminescence using the
light-emitting device. Also, luminescence in a pattern can be
obtained by a method in which a mask with a patterned
window is set on the front side of the planar light-emitting
device, a method in which an extremely thick organic
substance layer is formed in a non-light-emitting portion to
obtain substantially non-light-emitting portions, or a method
in which an anode or cathode or both electrodes, are formed
in a pattern shape. By forming a pattern by any of these
methods, and configuring some electrodes to be indepen-
dently turned on or off, it is possible to obtain a segment type
display device allowing display of numerals, letters, simple
symbols or the like.

Furthermore, for a dot matrix element, the anode and
cathode may both be formed as stripes and configured in a
crossing manner. A partial color display or multicolor dis-
play can also be formed by a method in which different types
of polymer compounds with different light-emitting colors
are coated or a method using a color filter or fluorescence
conversion filter. The dot matrix element may be passively
driven or actively driven in combination with a TFT or the
like.

The planar light-emitting device described above is an
autonomous light-emitting thin device and can be preferably
used as a surface light source for a backlight of a liquid
crystal display apparatus and a planar light source for
illumination, etc. The aforementioned display devices may
be used as display apparatuses for computers, televisions,
portable terminals, cellular phones, car navigation systems,
video camera viewfinders and the like. Furthermore, when a
flexible substrate is used, the light-emitting device can be
used as a curved-surface light source and a display appara-
tus.

EXAMPLES

The present invention will now be described in greater
detail by Examples, with the understanding that the present
invention is not limited thereto.
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[Measuring Method]

In the following Examples, measurement of the number-
average molecular weights and weight-average molecular
weights, high-performance liquid chromatography (HPLC),
and measurement of the glass transition temperature were
carried out in the following manner.

(Measurement of Number-Average Molecular Weights
and Weight-Average Molecular Weights)

The polystyrene-equivalent number-average molecular
weights (Mn) and the polystyrene-equivalent weight-aver-
age molecular weights (Mw) were determined by GPC
(trade name: LC-10Avp manufactured by Shimadzu Corp.).
In this case, the polymer compound to be measured was
dissolved in tetrahydrofuran to a concentration of about
0.05% by mass and 10 uL thereof was injected into the GPC.
The GPC mobile phase used was tetrahydrofuran, and the
flow rate was 2.0 mL/min. The column used was a PLgel
MIXED-B (manufactured by Polymer Laboratories, [.td.).
The detector used was a UV-VIS detector (trade name:
SPD-10Avp, manufactured by Shimadzu Corp.).

(Measurement by NMR)

Measurement by NMR was carried out by dissolving 5 to
20 mg of a measurement sample in about 0.5 mL of an
organic solvent by an NMR (trade name: MERCURY 300,
manufactured by Varian, Inc.) unless otherwise particularly
noted.

(High-Performance Liquid Chromatography (HPLC))

A value of HPLC area normalization was used as an index
for the purity of the compound. This value is a value
obtained at 254 nm by high-performance liquid chromatog-
raphy (HPLC, trade name: L.C-20A manufactured by Shi-
madzu Corp.) unless otherwise particularly noted. In this
case, the compound to be measured was dissolved in tetra-
hydrofuran or chloroform to a concentration of 0.01 to 0.2%
by mass and 1 to 10 pL thereof depending on the concen-
tration was injected into the HPLC. The HPL.C mobile phase
used was acetonitrile and tetrahydrofuran, and they were
allowed to flow at the flow rate of 1 ml./min by gradient
analysis of acetonitrile/tetrahydrofuran=100/0 to 0/100 (vol-
ume ratio). The column used was a Kaseisorb LLC ODS 2000
(manufactured by Tokyo Chemical Industry Co., Ltd.). The
detector used was a photo diode array detector (trade name:
SPD-M20A, manufactured by Shimadzu Corp.).

(Measurement of Glass Transition Temperature)

Measurement of the glass transition temperature was
carried out by DSC (trade name: DSC 2920 manufactured
by TA Instruments-Waters LLC). After heating each poly-
mer compound (sample, copolymer or polymer) to 200° C.,
the polymer compound was rapidly cooled to -50° C. and
held for 30 minutes. After increasing the temperature to 30°
C., the measurement was continued up to the temperature of
300° C. with the rate of temperature increase of 10° C./min.

[Synthesis of Starting Monomer]|

To begin with, a method for synthesizing a starting
monomer used in producing the following compound and
polymer compound will be described.

The following monomers, such as a monomer CMS5
(2,7-dibromo-9,9-dioctyl fluorene), a monomer CM6 (1,4-
dihexyl-2,5-bis(4.,4,5,5-tetramethyl-1,3,2-dioxaborolane-2-
yDbenzene), a monomer CM7 (9,9-dioctyl-(1,3,2-dioxa-
borolane-2-yl)-fluorene), a monomer CM8 (N,N-bis(4-
bromophenyl)-N',N-bis(4-n-butylphenyl)-1,4-
phenylenediamine), a monomer CM9 (N,N-bis(4-
bromophenyl)-N-(bicyclo[4.2.0]octa-1,3,5-trien-3-yl)-
amine), a monomer CMI10 (9,9-dioctyl-2,7-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane-2-yl)-fluorene), a
monomer CM11 (9,9-bis(4-hexylphenyl)-2,7-bis(4,4,5,5-te-
tramethyl-1,3,2-dioxaborolane-2-yl)-fluorene), a monomer
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CM12 (N,N'-bis(4-bromophenyl)-N,N'-bis(2,6-dibromo-4-
tert-butylphenyl)-1,4-phenylenediamine), a  monomer
CM13  (9,9-bis(3-hexylphenyl)-2,7-dibromofluorene), a
monomer CM14 (2,5-bis(4-bromophenyl)-1-(4-n-hexylphe-
nyl)-1,3,4-triazole), and a monomer CM15 (9,9-bis(4-hex-
ylphenyl)-2,7-dibromofluorene) were synthesized according
to a known synthesis method, and those exhibited 99.5% or
more of HPLC area normalization value (UV 254 nm) were
used.

[Chemical Formula 58]

CM5
Br 0.0 Br
CgHyr CgHyr
CM6
CeHys
(@] O
\ /
B B
/ AN
(@] (@]
CeHys
CM7
(@] O
\ /
B B
/ N\
(@] (@]
CgHy7  CgHys
CM8
Br. Br
N
n-Bu
CM9

N\©\
n-Bu
Br : Br

N
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-continued
[Chemical Formula 59]

j>B<j

CgHyz  CgHyr

H

Cely3 CeHys
Br Br
Me, N O N Me
@7 . . AQ
t-Bu t-Bu
Br O‘O Br
Cely3 O O CeHys
[Chemical Formula 60]
N—N
N
Br Br
CeHyz
Br 0.0 Br
CeHy3 Cely3

CM10

CM11

CM12

CM13

CM14

CM15
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(Synthesis of Monomer CM1)
A monomer CM1 was synthesized by carrying out the
following step (Cla).

[Chemical Formula 61]

Me
Br Br
—_—
(Cla)
Me O
\B B/
O/ \O
CM1

<Step (Cla)>

To a small piece of magnesium (19.45 g, 800 mmol) in a
1,000 mL flask, a small amount of dehydrated tetrahydro-
furan and 1,2-dibromoethane (1.50 g, 8 mmol) were serially
added under an argon gas atmosphere. After confirming that
magnesium was activated based on the generated heat and
bubbles, a solution prepared by dissolving 2,6-dibromotolu-
ene (49.99 g, 200 mmol) in dehydrated tetrahydrofuran (200
ml.) was added dropwise to the reaction solution over a
period of about 2 hours. After the drip was completed, the
mixture was heated in an oil bath kept at 80° C. and was
stirred for 1 hour under reflux.

Then the oil bath was removed, the mixture was diluted
with dehydrated tetrahydrofuran (400 mL) and further
cooled in an ice bath, and then 2-isopropyloxy-4.4,5,5-
tetramethyl-1,3,2-dioxaborolane (148.85 g, 800 mmol) was
added. Then the ice bath was removed, the mixture was
heated in an oil bath kept at 80° C., and then was stirred for
1.5 hours under reflux. Then the oil bath was removed, the
mixture was further cooled in an ice bath, then a saturated
ammonium chloride aqueous solution (50 ml.) was added,
and then the mixture was stirred for 30 minutes.

After that, the ice bath was removed and hexane (1,500
ml.) was added, and then the mixture was stirred vigorously
for 30 minutes. Then the stirring was stopped and the
mixture was allowed to stand for 15 minutes, then it was
filtered through silica gel on a glass filter, then the silica gel
was washed with hexane (1,000 mL) and the combined
filtrate was vacuum-concentrated to obtain a crude product
(72.0 g). A similar procedure was repeated to obtain a crude
product (75.4 g).

Methanol (740 mL) was added to the total crude product
(147.4 g), and the mixture was stirred in an oil bath kept at
85° C. for 1 hour under heating reflux. Then the oil bath was
removed and the mixture was cooled to room temperature
while being stirred, then the solid was filtered out, washed
with methanol (100 mL), and dried under vacuum to obtain
a white crystal (59.7 g). The dried crystal was dissolved in
isopropanol (780 ml.) under heating, the mixture was
allowed to stand and slowly cooled to room temperature to
deposit the crystal, then the crystal was filtered out and
washed with methanol (100 mL), and was dried at 50° C.
overnight under vacuum to obtain an object monomer CM1
(50.8 g, 99.8% of HPLC area normalization (ultraviolet
wavelength: 254 nm), yield of 37%) as a white crystal. The
analysis result of the monomer CM1 was as follows.
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'H-NMR (300 MHz, CDCly), 8 (ppm)=1.34 (s, 24H),
2.74 (s, 3H), 7.14 (t, 1H), 7.79 (d, 2H).
(Synthesis of Monomer CM?2)
After the following step (C2a) was carried out and a
compound. CM2a was obtained, step (C2b) was carried out
to obtain a monomer CM2.

Me,
Me
—_—
(C2a)
Me
Me
Me,
Me
Br Br
Me
Me

[Chemical Formula 62]

_—
(C2b)
CM2a
Me,
Me
(0] ¢]
\ /
B B
/ N\
(¢] [¢]
Me
Me
CM2

<Step (C2a)>

1,4-diisopropyl benzene (24.34 g, 150 mmol), iron pow-
der (0.838 g, 15 mmol), dehydrated chloroform (40 mlL),
and trifluoroacetic acid (1.71 g, 15 mmol) were mixed and
stirred in a 300 mL shaded round-bottom flask under an
argon gas atmosphere, the mixture was cooled in an ice bath,
then a bromine (55.1 g, 345 mmol) diluted solution of
dehydrated chloroform (92 mL.) was added dropwise over a
period of 30 minutes, then the mixture was kept cooled in an
ice bath, and the reaction was involved for further 5 hours
under stirring to obtain a reaction solution.

After the reaction was completed, the obtained reaction
solution was slowly added to 10% by mass aqueous sodium
hydroxide being cooled in an ice bath, and then the mixture
was further stirred for 15 minutes. Then the organic layer
and the aqueous layer were allowed to separate, the organic
layer was extracted from the aqueous layer with chloroform
(100 mL), and after the obtained organic layers were com-
bined, 10% by mass sodium sulfite aqueous solution (200
ml) were added, and then the mixture was stirred at room
temperature for 30 minutes. At this time, it was observed that
the color of the organic layer changed from pale yellow to
substantially transparent and colorless.

Subsequently, the aqueous layer was removed by separa-
tion, then the obtained organic layer was washed with 15%
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by mass brine (200 mL) and dried over anhydrous magne-
sium sulfate (30 g), and then the solvent was removed by
reduced-pressure concentration distillation to obtain about
47 g of a pale yellow oily product. Then ethanol (15 g) was
added thereto, the mixture was shaken up until the content
of the mixture became uniform, and then the mixture was
allowed to stand for 3 hours in a freezer kept at —=10° C. to
allow the crystal to be deposited, then the crystal was filtered
out, washed with a small amount of methanol, and was then
dried at room temperature overnight under vacuum to obtain
the object 1,4-dibromo-2,5-diisopropyl benzene (compound
CM2a: 30.8 g, yield of 64%) as a white crystal. The analysis
result of the obtained compound CM2a was as follows.

'H-NMR (300 MHz, CDCL,), 8 (ppm)=1.24 (d, 12H),
3.30 (m, 2H), 7.50 (s, 2H).

<Step (C2b)>

To a small piece of magnesium (9.724 g, 400 mmol) in a
1,000 mL flask, a small amount of dehydrated tetrahydro-
furan and 1,2-dibromoethane (0.75 g, 4 mmol) were serially
added under an argon gas atmosphere. After observing that
magnesium was activated based on the generated heat and
bubbles, a solution prepared by dissolving the compound
CM2a obtained above (32.0 g, 100 mmol) in dehydrated
tetrahydrofuran (100 ml.) was added dropwise to the reac-
tion solution over a period of about 1 hour. After the
dropping was completed, the mixture was heated in an oil
bath kept at 80° C. and was stirred for 1 hour under reflux.

Then the oil bath was removed, the mixture was diluted
with dehydrated tetrahydrofuran (200 mL) and further
cooled in an ice bath, and then 2-isopropyloxy-4.4,5,5-
tetramethyl-1,3,2-dioxaborolane (74.4 g, 400 mmol) was
added. Then the ice bath was removed, the mixture was
heated in an oil bath kept at 80° C., and then was stirred for
1.5 hours under reflux. Then the oil bath was removed, the
mixture was further cooled in an ice bath, then a saturated
ammonium chloride aqueous solution (25 ml.) was added,
and then the mixture was stirred for 30 minutes.

After that, the ice bath was removed and hexane (2,000
ml.) was added, and then the mixture was stirred vigorously
for 30 minutes. Then the stirring was stopped and the
mixture was allowed to stand for 15 minutes, then it was
filtered by silica gel on a glass filter, then the silica gel was
washed with hexane (1,000 mL) and the combined filtrate
was vacuum-concentrated to obtain a crude product (59.0 g).
A similar procedure was repeated by the scale of 80% of the
above-described step to obtain a crude product (44.8 g).

Methanol (520 mL) was added to the total crude product
(103.8 g), and the mixture was stirred in an oil bath kept at
75° C. for 1 hour under heating reflux. Then the oil bath was
removed and the mixture was cooled to room temperature
while being stirred, then the solid was filtered out, washed
with methanol (100 mL), and dried under vacuum to obtain
a white crystal (48.8 g, 93.3% of HPLC area normalization
(ultraviolet wavelength: 254 nm)). The dried crystal was
dissolved in isopropanol (690 mL) under heating, the mix-
ture was allowed to stand and slowly cooled to room
temperature to deposit the crystal, then the crystal was
filtered out and washed with methanol (50 mL), and was
dried at 50° C. overnight under vacuum to obtain an object
monomer CM2, e.g., 1,4-diisopropyl-2,5-bis(4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolane-2-yl)benzene (44.6 g, 99.8% of
HPLC area normalization (ultraviolet wavelength: 254 nm),
yield of 60%). The analysis result of the monomer CM2 was
as follows.

'H-NMR (300 MHz, CDCl;), 8 (ppm)=1.23 (d, 12H),
1.34 (s, 24H), 3.58 (m, 2H), 7.61 (s, 2H).
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(Synthesis of Monomer CM3)
After the following step (C3a) was carried out and a
compound CM3a was obtained, step (C3b) was carried out
to obtain a monomer CM3.

Br.
Cl N Cl \©\
X
Y Y Ny

Y (C3a)
\QY p ’ C12H25\©\
Br
Cl
CM3a

(C3b)
Br Br
N
\Q\( YO
N / N

CpaHas
CM3

[Chemical Formula 63]

<Step (C3a)>

A solution of 1,4-dibromobenzene (27.1 g) in dehydrated
diethyl ether (217 mL) was cooled in a bath of dry ice/
methanol mixture under a nitrogen atmosphere. A 2.77 M
n-butyllithium hexane solution (37.2 mL) was slowly added
dropwise to the obtained suspension, then the mixture was
stirred for 1 hour to prepare a lithium reagent.

A cyanuric chloride (10.0 g) suspension in dehydrated
diethyl ether (68 mL) was cooled in a bath of dry ice/
methanol mixture under a nitrogen atmosphere, then the
lithium reagent was slowly added and the temperature was
increased to room temperature to involve a reaction at room
temperature. The obtained product was filtered and dried
under vacuum. After that, the obtained solid (16.5 g) was
purified to obtain 13.2 g of needle crystal (compound
CM3a).

<Step (C3b)>

A 4-dodecyl bromobenzene (14.2 g) solution in dehy-
drated tetrahydrofuran (15 mL) was added in small portions
to a suspension prepared by adding dehydrated tetrahydro-
furan (65 ml) to magnesium (1.37 g) under a nitrogen
atmosphere, then the mixture was heated and stirred under
reflux. After left standing to cool, magnesium (0.39 g) was
added to the reaction solution, then the mixture was heated
again and a reaction was involved under reflux to prepare a
Grignard reagent.

The aforementioned Grignard reagent was added to the
dehydrated tetrahydrofuran (100 ml.) suspension of the
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compound CM3a (12.0 g) obtained above under a nitrogen
atmosphere while stirring the Grignard reagent, and the
mixture was heated under reflux. After left standing to cool,
the reaction solution was washed with a dilute hydrochloric
acid aqueous solution. The organic layer and the aqueous
layer were separated, and the aqueous layer was extracted
with diethyl ether. The obtained organic layers were com-
bined, then it was washed with water again, and then the
organic layer was dehydrated with anhydrous magnesium
sulfate, filtered, and concentrated. The obtained white solid
was purified with a silica gel column and further recrystal-
lized to obtain an object monomer CM3 (6.5 g) as a white
solid. The obtained monomer CM3 exhibited 99.5% or more
of the HPLC area normalization value (UV: 254 nm).

[Production of Polymer Compound]

Various types of polymer compounds were produced by
using the starting monomers obtained above by the follow-
ing methods.

Example 1
Synthesis of Polymer Compound P1

<First Step>

After heating a mixture containing the monomer CM2
(0.482 g), the monomer CM3 (0.462 g), the monomer CM5
(0.410 g), and toluene (31 ml) functioning as a solvent to
about 80° C. under a nitrogen atmosphere, palladium acetate
(0.33 mg), tris(2-methoxyphenyl)phosphine (2.03 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
solution (12.8 g) were added, and while being further heated
in an oil bath, the mixture was stirred for about 3 hours under
reflux to obtain a polymer compound having a block (A).
The polystyrene-equivalent number-average molecular
weight (Mn) and the polystyrene-equivalent weight-average
molecular weight (Mw) of the polymer compound present in
the reaction solution and having a block (A) were Mn=6.9x
10° and Mw=1.1x10%
<Second Step>

Next, the monomer CM2 (0.451 g), the monomer CM1
(0.249 g), the monomer CM5 (1.230 g), and toluene (10 mL)
functioning as a solvent were further added to the reaction
solution, then the mixture was heated to about 80° C., and
then palladium acetate (0.50 mg) and tris(2-methoxyphenyl)
phosphine (3.10 mg) were added, and while being further
heated in an oil bath, the mixture was stirred for about 3
hours under reflux.

5

10

15

20

25

30

35

40

45

108

Next, phenylboronic acid (179 mg), palladium acetate
(0.85 mg), tris(2-methoxyphenyl)phosphine (5.11 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
solution (12.8 g) were added, and while being further heated
in an oil bath, the mixture was stirred for about 16 hours
under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (1.02 g) in ion-exchanged water
(20 mL) was added, and then while being heated to 85° C.,
the mixture was stirred for 2 hours.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 40 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 40 mL) twice, and with
ion-exchanged water (about 40 ml.) four times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 230 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 760 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.766 g: the polymer com-
pound P1). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound P1 were Mn=2.3x10* and Mw=5.8x10* and the
glass transition temperature was 115° C.

Because the polymer compound P1 was obtained at a
charging ratio (molar ratio) of the monomers shown in
Tables 4 and 5, it is estimated that the polymer compound P1
is a polymer compound having the constitutional units and
the molar ratios shown in the following Tables 6 and 7. In
this case, the average chain length n of the block (A) is
estimated to be 4.60.

In Table 4, the “monomer for polymerization of block
(A)” refers to a monomer used to produce the polymer
compound having the block (A) in the first step, and in Table
5, the “monomer for polymerization of block (B)” refers to
a monomer added in the second step to form the block (B).
Tables 6 and 7 show the constitutional units formed from the
monomers and ratios (molar ratios) of the respective con-
stitutional units determined based on the ratios of the
monomers. Similar descriptions in the tables described
below have meanings similar to those described above.

TABLE 4

Monomer for Me, Br.
polymerization
of block (A) Me
O, O
\ /
B B
/ AN
O ¢}
Me
Me
CM2
Proportion 16.0

of monomer

=N CgHy7 CsHyr
CM5
CioHps
CM3
10.0 10.0
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TABLE 5
Monomer for Me,
polymerization
of block (B) Me (I) Me (I) Br 0.0 Br
\ / - ~
/B B\ ? ¢ CgH7 CsH
S 0 gty Cghyy
Me CM5
Me cM1
CM2
Proportion 24.0 10.0 30.0
of monomer
TABLE 6
Block (A) Me,
Me
N
X
=N CgHyz CsHyr
Me
Me
CioHys

Constitutional unit
represented by formula (3)
Proportion of 16
constitutional unit

Constitutional unit
represented by formula (2)

Constitutional unit
represented by formula (4)

10 10

TABLE 7

Block (B) Me

Me
Constitutional unit Constitutional unit
represented by formula (3)

24

Proportion of 10

constitutional unit

represented by formula (1)

L s

CsHy7 CgHyr

Constitutional unit
represented by formula (4)
30

Example 2
Synthesis of Polymer Compound P2

<First Step>

After heating a mixture containing the monomer CM2
(0.753 g), the monomer CM3 (0.463 g), the monomer CM5
(0.410 g), and toluene (31 ml) functioning as a solvent to
about 80° C. under a nitrogen atmosphere, palladium acetate
(0.33 mg), tris(2-methoxyphenyl)phosphine (2.08 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
solution (12.8 g) were added, and while being further heated
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in an oil bath, the mixture was stirred for about 3 hours under
reflux to obtain a polymer compound having a block (A).
The polystyrene-equivalent number-average molecular
weight (Mn) and the polystyrene-equivalent weight-average
molecular weight (Mw) of the polymer compound present in
the reaction solution and having a block (A) were Mn=1.2x
10* and Mw=2.0x10".
<Second Step>

Next, the monomer CM2 (0.722 g), the monomer CM1
(0.249 g), the monomer CMS5 (1.230 g), and toluene (8 mL.)
functioning as a solvent were added to the reaction solution,
then the mixture was heated to about 80° C., and then
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palladium acetate (0.51 mg) and tris(2-methoxyphenyl)
phosphine (2.99 mg) were added, and while being further
heated in an oil bath, the mixture was stirred for about 2.5
hours under reflux.

Next, phenylboronic acid (179 mg), palladium acetate

(0.77 mg), tris(2-methoxyphenyl)phosphine (5.06 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
solution (12.8 g) were added, and while being further heated
in an oil bath, the mixture was stirred for about 16.5 hours
under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (1.02 g) in ion-exchanged water
(20 mL) was added to the reaction solution, and then while
being heated to 85° C., the mixture was stirred for 2 hours.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 40 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 40 mL) twice, and with
ion-exchanged water (about 40 ml.) four times. Then the
organic layer was added dropwise to methanol to allow the
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and dried to obtain a solid. The solid was dissolved in
toluene (about 113 nit), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 760 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.282 g: the polymer com-
pound P2). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound P2 were Mn=9.0x10> and Mw=2.5x10* and the
glass transition temperature was 101° C.

Because the polymer compound P2 was obtained at a
charging ratio of the monomers shown in Tables 8 and 9, it
is estimated that the polymer compound P2 is a polymer
compound having the constitutional units and the molar
ratios shown in the following Tables 10 and 11. In this case,
the average chain length n of the block (A) is estimated to

product to be precipitated, then the product was filtered out be 5.50.
TABLE 8
Monomer for Me, Br. Br
polymerization M
of block (A) ¢ Br . Br
N,
O, O N
\ /
B B
O/ \O N 2N CsHy7 CgHyy
Me CM5
Me
CM2
CioHps
CM3
Proportion 25.0 10.0 10.0
of monomer
TABLE 9
Monomer for Me
polymerization
of block (B) Me Me O Br O O Br
0 0 ) )
\ / - ~
B B ¢} O
O/ \O CgHy7 CsHyy
Me CM5
Me €M1
CM2
Proportion 15.0 10.0 30.0

of monomer
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TABLE 10
Block (A) Me,
N
N .
N CsHiy CsHyy
Me
Me
CraHhs

Constitutional unit
represented by formula (3)
Proportion of 25

constitutional unit

Constitutional unit
represented by formula (2)

Constitutional unit
represented by formula (4)

10 10

TABLE 11

Block (B)

Me, Me
Me f % 3
Me
Me

Constitutional unit
represented by formula (3)
15

Constitutional unit

Proportion of 10

constitutional unit

represented by formula (1)

L s

CsHy7 CgHyr

Constitutional unit
represented by formula (4)
30

Synthesis Example 1
Synthesis of Polymer Compound CP2

After heating a mixture containing the monomer CM7
(21.218 g), the monomer CM5 (5.487 g), the monomer CM8
(16.377 g), the monomer CM9 (2.575 g), methyltrioctylam-
monium chloride (5.17 g, trade name: Aliquat (R) 336
manufactured by Sigma-Aldrich Co. LLC.), and toluene
(400 mL) functioning as a solvent to about 80° C. under a
nitrogen atmosphere, bistriphenylphosphine palladium
dichloride (56.2 mg) and a 17.5% by mass sodium carbonate
aqueous solution (109 mL) were added, and while being
further heated in an oil bath, the mixture was stirred for
about 6 hours under reflux. Next, phenylboronic acid (0.49
g) was added and while being further heated in an oil bath,
the mixture was stirred for about 2 hours under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (24.3 g) in ion-exchanged water
(240 mL) was added to the reaction solution, and then while
being heated to 85° C., the mixture was stirred for 2 hours.

The organic layer was serially washed with ion-ex-

changed water (about 520 mL) twice, with a 3% by mass
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acetic acid aqueous solution (about 520 mL) twice, and with
ion-exchanged water (about 520 ml) twice. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 1,240 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 6,200 mL) to allow a
solid to be precipitated, and then it was filtered out and dried
to obtain a polymer compound (26.23 g: the polymer com-
pound CP2). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound CP2 were Mn=7.8x10* and Mw=2.6x10> and the
glass transition temperature was 115° C.

Because the polymer compound CP2 was obtained at a
charging ratio of the monomers shown in Table 12, it is
estimated that the polymer compound CP2 is a polymer
having the constitutional units and the molar ratios shown in
Table 13.
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TABLE 12
Monomer Br. Br Br Br
O. O
“B O‘Q B” Br O.Q Br \O\ /O/ \©\ /@
4 9 ¥ ¥
Cstyz CgHyy CsHy7 CsHyz
CM7 CM5
N
o, -
n-Bu 1n-Bu
CM8
Proportion 50.0 12.5 30.0 7.5
of
Monomer
TABLE 13
CPp2

CgHy7 CgHyr CgHy7 CgH 7

Proportion of 50 12.5
constitutional

unit

() o O

n-Bu n-Bu

30 7.5

Synthesis Example 2

Preparation of Light-Emitting Material EM-A

A light-emitting material EM-A was synthesized by the
following method. The synthesis method was according to
the synthesis method described in WO02/066552.

To begin with, 2-bromopyridine was reacted with 1.2
equivalents of 3-bromophenyl boronic acid by Suzuki cou-
pling (catalyst: tetrakis(triphenylphosphine)palladium (0),
base: 2 M sodium carbonate aqueous solution, solvent:
ethanol and toluene) under an inert gas atmosphere to obtain
2-(3'-bromophenyl)pyridine represented by the following
formula.

[Chemical Formula 64]
Br

\

N

/

Next, tribromobenzene was reacted with 2.2 equivalents
of 4-tert-butylphenyl boronic acid by Suzuki coupling (cata-
lyst: tetrakis(triphenylphosphine)palladium (0), base: 2 M
sodium carbonate aqueous solution, solvent: ethanol and
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toluene) under an inert gas atmosphere to obtain a bromo
compound represented by the following formula.

[Chemical Formula 65]

This bromo compound was cooled to —78° C. after being
dissolved in anhydrous THF under an inert gas atmosphere
and slightly excessive tert-butyllithium was added dropwise
thereto. Under cooling, B(OC4H9)3 was further added drop-
wise to the solution to involve a reaction at room tempera-
ture. The obtained reaction solution was subjected to post-
treatment with 3M hydrochloric acid water to obtain a
boronic acid compound represented by the following for-
mula.
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[Chemical Formula 66]

B(OH),

The 2-(3'-bromophenyl)pyridine obtained as above was
reacted with the aforementioned 1.2 equivalents of boric
acid compound by Suzuki coupling (catalyst: tetrakis(triph-
enylphosphine)palladium (0), base: 2 M sodium carbonate
aqueous solution, solvent: ethanol and toluene) under an
inert gas atmosphere to obtain a ligand represented by the
following formula (i.e., a compound to function as a ligand).
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[Chemical Formula 67]

The ligand obtained as above, 4 equivalents of

IrCl;.3H,0, 2-ethoxyethanol, and ion-exchanged water
were charged and the mixture was refluxed under an argon
atmosphere. The deposited solid was suction-filtered. The
obtained solid was washed with ethanol and ion-exchanged
water in this order and dried to obtain yellow powder
represented by the following formula.

[Chemical Formula 68]
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2 equivalents of the aforementioned ligand was added to
the aforementioned yellow powder and the mixture was
heated in a glycol-based solvent in an argon atmosphere to
obtain an iridium complex (light-emitting material EM-A)
represented by the following formula.

t-Bu

The analysis result of the obtained iridium complex
(light-emitting material EM-A) is as follows.

'H-NMR (300 MHz, CDCL,), 8 (ppm)=1.38 (s, 54H),
66.93 (dd, J=6.3, 6.6 Hz, 3H), §7.04 (br, 3H), §7.30 (d, J=7.9
Hz, 3H), 87.48 (d, J=7.3 Hz, 12H), 87.61-7.70 (m, 21H),
87.82 (s, 6H), 88.01 (s, 3H), 88.03 (d, J=7.9 Hz, 3H).

LC/MS (APCI posi): [M+H]+ 1677

[Fabrication of Light-Emitting Device]

A composition and its solution were prepared using the
polymer compound and the light-emitting material obtained
as above and various light-emitting devices were fabricated
using the composition and the solution.

Example 3

Case of Using Polymer Compound P1 for
Light-Emitting Layer

Preparation of Composition MP1 and its Solution>

A composition MP1 including a mixture of the polymer
compound P1 and the light-emitting material EM-A at a
mass ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a content of the total solid content of
2.5% by mass. The solution obtained as above will be
hereinafter referred to as a “2.5% by mass xylene solution
containing the composition NIP 1.”

<Fabrication of Light-Emitting Device DP1>

A 65 nm-thick film was formed on a glass substrate
provided with a 45 nm-thick ITO film by a sputtering
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method by using a poly(3,4-ethylenedioxythiophen)/poly-
styrene sulfonate solution (trade name: CLEVIOS P AI4083
manufactured by H.C. Starck GmbH; hereinafter referred to
as “CLEVIOS P”) by spin coating and it was dried on a hot
plate at 200° C. for 10 minutes. Next, a film was formed by

[Chemical Formula 69]

t-Bu

using a 0.7% by mass xylene solution containing the poly-
mer compound CP2 by spin coating at a rotational speed of
3,000 rpm, and it was dried on a hot plate at 180° C. for 60
minutes under a nitrogen gas atmosphere. The film thickness
was about 20 nm.

Then a film was formed by using a 2.5% by mass xylene
solution containing the composition MP1 by spin coating at
a rotational speed of 2,100 rpm. The film thickness was
about 80 nm. It was dried on a hot plate at 180° C. for 10
minutes under a nitrogen gas atmosphere, and then barium
and aluminum were vapor-deposited thereon by about 5 nm
and about 120 nm, respectively, as a cathode to fabricate a
light-emitting device DP1. The vapor deposition of the metal
was initiated after the degree of vacuum fell to 1x10~* Pa or
lower.

The device configuration of the obtained light-emitting
device DP1 is ITO (anode)/CLEVIOS P (hole injection
layer, 65 nm)/polymer compound CP2 (hole transport layer)/
composition MP1 (light-emitting layer)/Ba (5 nm)/Al (120
nm) (Ba and Al were together to form the cathode).

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DP1, green luminescence with a peak wavelength
(EL) at 520 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m® was 6.26 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.307, 0.636). When the
initial brightness was set at 8,000 cd/m?* and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 8.1 hours and the brightness half-life
was 54.5 hours.
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Example 4

Case of Using Polymer Compound P2 for
Light-Emitting Layer

Preparation of Composition MP2 and its Solution>

A composition MP2 including a mixture of the polymer
compound P2 and the light-emitting material EM-A at a
mass ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a concentration of the total solid
content of 2.8% by mass. The solution obtained as above
will be hereinafter referred to as a “2.8% by mass xylene
solution containing the composition MP2.”

<Fabrication of Light-Emitting Device DP2>

A light-emitting device DP2 was fabricated in the similar
manner as Example 3 except that the 2.8% by mass xylene
solution containing the composition MP2 was used instead
of the 2.5% by mass xylene solution containing the com-
position MP1 of Example 3 and that the rotation speed in the
spin coating was changed from 2,100 rpm to 2,000 rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DP2, green luminescence with a peak wavelength
(EL) at 520 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m* was 6.23 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.302, 0.638). When the
initial brightness was set at 8,000 cd/m* and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 10.3 hours and the brightness
half-life was 63.0 hours.

[Production of Polymer Compound]

Various types of polymer compounds were produced by
the following methods by using the aforementioned various
types of starting monomers.

Example 5
Synthesis of Polymer Compound P5

<First Step>

After heating a mixture containing the monomer CM11
(0.419 g), the monomer CM3 (0.361 g), the monomer CM13
(0.122 g), and toluene (41 ml) functioning as a solvent to
about 80° C. under a nitrogen atmosphere, bistriphenylphos-
phine palladium dichloride (0.49 mg) and a 20% by mass
tetracthylammonium hydroxide aqueous solution (6.4 mL)
were added, and while being further heated in an oil bath, the
mixture was stirred for about 3 hours under reflux to obtain
a polymer compound having a block (A). The polystyrene-
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equivalent number-average molecular weight (Mn) and the
polystyrene-equivalent weight-average molecular weight
(Mw) of the polymer compound present in the reaction
solution and having a block (A) were Mn=6.5x10> and
Mw=1.2x10%.

<Second Step>

Next, the monomer CM11 (0.572 g), the monomer CM 10
(0.340 g), the monomer CM12 (0.210 g), the monomer
CM13 (1.550 g), and toluene (16 ml.) functioning as a
solvent were added to the reaction solution, then the mixture
was heated to about 80° C., and then bistriphenylphosphine
palladium dichloride (0.75 mg) was added, and while being
further heated in an oil bath, the mixture was stirred for
about 3 hours under reflux.

Next, phenylboronic acid (92.7 mg), bistriphenylphos-
phine palladium dichloride (1.28 mg), and a 20% by mass
tetraethylammonium hydroxide aqueous solution (6.4 mL)
were added, and while being further heated in an oil bath, the
mixture was stirred for about 16.5 hours under reflux.

The aqueous layer was removed by separation, then a
solution prepared by dissolving sodium N,N-diethyldithio-
carbamate trihydrate (0.54 g) in ion-exchanged water (11
ml) was added, and then while being heated to 85° C., the
mixture was stirred for 2 hours.

After separating the organic layer from the aqueous layer,
the organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 35 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 35 mL) twice, and with
ion-exchanged water (about 35 mL) five times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 103 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 680 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.593 g: the polymer com-
pound P5).

The polystyrene-equivalent number-average molecular
weight (Mn) and the polystyrene-equivalent weight-average
molecular weight (Mw) of the polymer compound PS5 were
Mn=5.7x10* and Mw=1.2x10° and the glass transition tem-
perature was 157° C.

Because the polymer compound P5 was obtained at a
charging ratio of the monomers shown in. Tables 14 and 15,
it is estimated that the polymer compound PS5 is a polymer
compound having the constitutional units and the molar
ratios shown in Tables 16 and 17. In this case, the average
chain length n of the block (A) is estimated to be 3.33.

TABLE 14

Monomer for
polymerization
of block (A)

i3 CeHys

CM11

Proportion 15.0

of Monomer

> LI i) ¥ ’ ‘o ’ Bfo
R P g

CM13
CiaHps
CM3
15.0 5.0
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TABLE 15
Monomer
for (o) O, O O,
polymer- N 57 g B~
ization / \ / \
of block (B) (0] (6] (0] (0]
CsHy7 CgHyy
CM10
CeHys CeHiz
CM11
Proportion 20.5 14.0
of Monomer
Monomer B Br
for
polymer- Br Br
ization

of block (B)

CeHyz CeHyz
(5]

N M
AQ CM13

M

T
e N

t-Bu t-Bu
CM12
Proportion 7.5 225
of Monomer
TABLE 16
Block (A)
N
=
2N CeHys CeHys
C5H13 C6H13
CioHys
Constitutional unit Constitutional unit Constitutional unit
represented by formula (4) represented by formula (2) represented by formula (4)
Proportion of 15.1 15.1 5.0

constitutional unit
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TABLE 17

t-Bu

Block

v OO OO

O O CsHy7 CsHyy
CeHis CeH3
Constitutional unit Constitutional unit
represented by formula (4) represented by formula (4)

Pro- 20.6 14.1

por-

tion

of

con-
stitu-
tional

unit

L)

WO O

Me Me

t-Bu

Constitutional unit
represented by formula (4)
22.6

Constitutional unit
represented by formula (5)
7.5

Example 6
Synthesis of Polymer Compound P6

<First Step>
After heating a mixture containing the monomer CM11

(0.314 g), the monomer CM3 (0.361 g), and toluene (35 mL)
functioning as a solvent to about 80° C. under a nitrogen
atmosphere, bistriphenylphosphine palladium dichloride
(0.49 mg) and a 20% by mass tetracthylammonium hydrox-
ide aqueous solution (6.4 mL.) were added, and while being
further heated in an oil bath, the mixture was stirred for
about 3 hours under reflux to obtain a polymer compound
having a block (A). The polystyrene-equivalent number-
average molecular weight (Mn) and the polystyrene-equiva-
lent weight-average molecular weight (Mw) of the polymer
compound present in the reaction solution and having a
block (A) were Mn=6.0x10> and Mw=1.1x10%

<Second Step>
Next, the monomer CM11 (0.677 g), the monomer CM10

(0.340 g), the monomer CM12 (0.210 g), the monomer
CM13 (0.672 g), and toluene (23 ml.) functioning as a
solvent were added to the reaction solution, then the mixture
was heated to about 80° C., and then bistriphenylphosphine
palladium dichloride (0.86 mg) was added, and while being
further heated in an oil bath, the mixture was stirred for
about 3 hours under reflux.

Next, phenylboronic acid (92.9 mg), bistriphenylphos-
phine palladium dichloride (1.36 mg), and a 20% by mass

tetracthylammonium hydroxide aqueous solution (6.4 mL)
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were added, and while being further heated in an oil bath, the
mixture was stirred for about 17 hours under reflux.

Then a solution prepared by dissolving sodium N,N-
diethyldithiocarbamate trihydrate (0.53 g) in ion-exchanged
water (11 mL) was added, and then while being heated to
85° C., the mixture was stirred for 2 hours.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 35 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 35 mL) twice, and with
ion-exchanged water (about 35 ml.) four times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 100 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 700 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.634 g: the polymer com-
pound P6). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound P6 were Mn=6.7x10* and Mw=1.8x10°.

Because the polymer compound P6 was obtained at a
charging ratio of the monomers shown in Tables 18 and 19,
it is estimated that the polymer compound P6 is a polymer
compound having the constitutional units and the molar
ratios shown in Tables 20 and 21. In this case, the average
chain length n of the block (A) is estimated to be 2.75.
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Monomer for
polymerization

O

Br. Br
\ N
DR T

CeHiz CeHys
CM11
CioHas
CM3
Proportion 11.3 15.0
of Monomer
TABLE 19
Monomer
for 0 o} 0 0
polymer- ~N B O. B/ ~N B . B/
ization / \ / \
of block (B) o b} o 0
CsHy7 CsHiy
CM10
CeHiz CeHys
CM11
Proportion 243 14.0
of Monomer
Monomer Br Br
for
plolyrlner— Br . Br
ization
of block (B)
CeHiz CeHiz
Me Me
Me Me CM13
t-Bu t-Bu
CM12
Proportion 7.5 27.5

of Monomer




US 9,478,744 B2

129
TABLE 20

130

SreTy
ORE

CeHly3 Cely3

Constitutional unit
represented by formula (4)
Proportion of 114

constitutional unit

CiaHps

Constitutional unit

represented by formula (2)

15.1

TABLE 21

Block
v OD OO
O D CgHy7 CsHys
CgH3 CeHys
t-
Constitutional unit Constitutional unit
represented by formula (4) represented by formula (4)
Pro- 24.4 14.1
por-
tion
of
con-
stitu-
tional
unit

LI $)

2O

Me Me

t-Bu

Constitutional unit
represented by formula (4)
27.6

Constitutional unit
represented by formula (5)
7.5

Synthesis Example 3
Synthesis of Polymer Compound CP1

After heating a mixture containing monomers such as the
compound CM2 (1.560 g), the compound CM1 (0.324 g),
the compound CM3 (0.598 g), and the compound CMS5
(2.066 g), and toluene (50 mL) functioning as a solvent to
about 80° C. under a nitrogen atmosphere, palladium acetate
(1.7 mg), tris(2-methoxyphenyl)phosphine (10.0 mg), and a
20% by weight tetracthylammonium hydroxide aqueous
solution (16 in L) were added, and while being further
heated in an oil bath, the mixture was stirred for about 21
hours under reflux.

Next, phenylboronic acid (58.0 mg), palladium acetate
(1.6 mg), tris(2-methoxyphenyl)phosphine (10.1 mg), and a
20% by weight tetracthylammonium hydroxide aqueous
solution (16 mL) were added, and while being further heated
in an oil bath, the mixture was stirred for 19.5 hours under
reflux.

The aqueous layer was removed by separation, then a
solution prepared by dissolving sodium N,N-diethyldithio-
carbamate trihydrate (2.62 g) in ion-exchanged water (52
ml.) was added, and then while being heated to 85° C., the
mixture was stirred for about 2 hours.
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After separating the organic layer from the aqueous layer,
the organic layer was serially washed with ion-exchanged
water twice, with a 3% by weight acetic acid aqueous
solution twice, and with ion-exchanged water four times.
Then the organic layer was added dropwise to methanol to
allow the polymer compound to be precipitated, then the
polymer compound was filtered out and dried to obtain a
solid. The solid was dissolved in toluene, then it was passed
through a silica gel column and alumina column in which
toluene had been previously passed through, and the
obtained solution was added dropwise to methanol to allow
the polymer compound to be precipitated, and then it was
filtered out and dried to obtain a polymer compound (1.980
g: the polymer compound CP1). The polystyrene-equivalent
number-average molecular weight (Mn) and the polysty-
rene-equivalent weight-average molecular weight (Mw) of
the polymer compound CP1 were Mn=9.2x10* and
Mw=2.8x10° and the glass transition temperature was 123°
C.

Because the polymer compound CP1 was obtained at a
charging ratio of the monomers shown in Table 22, it is
estimated that the polymer compound CP1 is a polymer
having the constitutional units and the molar ratios shown in
the following Table 23. In this case, the average chain length
n in the polymer compound CP1 is estimated to be 11.0.
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TABLE 22
Monomer Me, Br Br
Me (I) Me (I) N Br . Br
N
(0] ¢]
B 4 o~? P~o I\II N
/ \ # CeH,; CeH
o 0 gty Cghyy
Me cMs
Me CM1
CM2
CpaHas
CM3
Propor- 40.0 10.0 10.0 40.0
tion of
Monomer
TABLE 23
CP1 Me, Me
Me
N,
N
NN CgHy7 CgHy7
Me
Me
CiaHps
Proportion of 40 10 10 40

constitutional unit

Comparative Example 1

Case of Using Polymer Compound CP1 For
Light-Emitting Layer

<Preparation of Composition MCP1 and its Solution>

A composition MCP1 including a mixture of the polymer
compound CP1 and the light-emitting material EM-A at a
weight ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a concentration of the total solid
content of 1.8% by weight. The solution obtained as above
will be hereinafter referred to as a “1.8% by weight xylene
solution containing the composition MCP1.”

<Fabrication of Light-Emitting Device DCP1>

A light-emitting device DCP1 was fabricated in the simi-
lar manner as Example 3 except that the 1.8% by weight
xylene solution containing the composition MCP1 was used
instead of the 2.5% by weight xylene solution containing the
composition MP1 of Example 3 and that the rotation speed
in the spin coating was changed from 2,100 rpm to 2,650
rpm.
<Evaluation of Characteristics>

When a voltage was applied to the light-emitting device
DCP1, green luminescence with a peak wavelength (EL) at
520 nm was obtained. The driving voltage at the brightness
of 1,000 cd/m® was 7.11 V, and the chromaticity coordinate
C.LE. 1931 was (x, y)=(0.305, 0.638). When the initial
brightness was set at 8,000 cd/m* and the device was driven
with a constant current, time taken for reducing the bright-
ness by 20% was 4.9 hours and the brightness half-life was
48.0 hours.
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The polymer compound (CP1) used for the light-emitting
device DCP1 in Comparative Example 1 is a polymer
compound including constitutional units similar to those of
the polymer compound (P1) used for the light-emitting
device DP1 in Example 3 and the polymer compound (P2)
used for the light-emitting device DP2 in Example 4 but not
having a block (A) with an electron transporting property as
those imparted in P1 and P2. In order to verify the difference
of characteristics occurring due to the difference in the
structures of the polymer compounds, the following Table
24 shows relative values of the driving voltages for the
light-emitting devices at the brightness of 1,000 cd/m?, the
time taken for reducing the brightness by 20%, which is an
index for the stability of the light-emitting device, and the
brightness half-life, when the values of the DCP1 are 1.00.

TABLE 24
Time required for  Time required for
Driving voltage at reducing brightness reducing brightness
1,000 cd/m? by 20% by half
(relative value) (relative value) (relative value)

DP1 0.88 1.65 1.14
DP2 0.88 2.04 1.31
DCP1 1.00 1.00 1.00
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Synthesis Example 4

Preparation of Light-Emitting Material EM-B

A light-emitting material EM-B was synthesized accord- 5
ing to the synthesis method described in WO06/062226.

[Chemical Formula 70]

t-Bu

t-Bu

Example 7

Case of Using Polymer Compound PS5 for
Light-Emitting Layer

<Preparation of Composition MP5 and its Solution> 45

A composition MPS5 including a mixture of the polymer
compound PS5 and the light-emitting material EM-B at a
mass ratio of 92.5:7.5 was dissolved in xylene (manufac-
tured by Kanto Chemical Co., Inc. with the grade for use in

electronics) to achieve a concentration of the total solid 50

content of 1.8% by mass. The solution obtained as above
will be hereinafter referred to as a “1.8% by mass xylene
solution containing the composition MP5.

<Fabrication of Light-Emitting Device DP5>

A 65 nm-thick film was formed on a glass substrate 55

provided with a 45 nm-thick ITO film by a sputtering
method by using AQ-1200 (manufactured by Plextronics,
Inc.), which is a polythiophene/sulfonic acid-based hole
injection agent, by spin coating and it was dried on a hot

plate at 170° C. for 15 minutes. Next, a film was formed by 60

using a 0.7% by mass xylene solution containing the poly-
mer compound CP2 by spin coating at a rotational speed of
1,890 rpm, and it was dried on a hot plate at 180° C. for 60
minutes under a nitrogen gas atmosphere. The film thickness

was about 20 nm. 65

Then a film was formed by using a 1.8% by mass xylene
solution containing the composition MPS5 by spin coating at

40
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a rotational speed of 1,760 rpm. The film thickness was
about 80 nm. It was dried on a hot plate at 180° C. for 10
minutes under a nitrogen gas atmosphere, and then sodium
fluoride and aluminum were vapor-deposited thereon by
about 3 nm and about 80 nm, respectively, as a cathode to

t-Bu

fabricate a light-emitting device DP1. The vapor deposition
of the metal was initiated after the degree of vacuum fell to
1x107* Pa or lower.

The device configuration of the obtained light-emitting
device DPS is ITO (anode)/AQ1200 (hole injection layer, 65
nm)/polymer compound CP2 (hole transport layer)/compo-
sition MP5 (light-emitting layer)/sodium fluoride (3 nm)/Al
(80 nm) (sodium fluoride and Al were together to form the
cathode).

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DPS5, red luminescence with a peak wavelength (EL)
at 625 nm was obtained. The driving voltage at the bright-
ness of 1,000 cd/m* was 4.19 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.668, 0.329). When the
initial brightness was set at 8,000 cd/m?* and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 20.5 hours and the brightness
half-life was 161.7 hours.

Example 8

Case of Using Polymer Compound P6 for
Light-Emitting Layer

<Preparation of Composition MP6 and its Solution>
A composition MP6 including a mixture of the polymer
compound P6 and the light-emitting material EM-B at a
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mass ratio of 92.5:7.5 was dissolved in xylene (manufac-
tured by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a content of the total solid content of
1.8% by mass. The solution obtained as above will be
hereinafter referred to as a “1.8% by mass xylene solution
containing the composition MP6.”

<Fabrication of Light-Emitting Device DP6>

A light-emitting device DP6 was fabricated in the similar
manner as Example 7 except that the 1.8% by mass xylene
solution containing the composition MP6 was used instead
of the 1.8% by mass xylene solution containing the com-
position MP5 of Example 7 and that the rotation speed in the
spin coating was changed from 1,760 rpm to 2,200 rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DPS5, red luminescence with a peak wavelength (EL)
at 625 nm was obtained. The driving voltage at the bright-
ness of 1,000 cd/m*® was 4.58 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.669, 0.329). When the
initial brightness was set at 8,000 cd/m” and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 30.8 hours and the brightness
half-life was 258.0 hours.

Synthesis Example 5
Synthesis of Polymer Compound CP3

After heating a mixture containing the monomer CM11
(1.6726 g), the monomer CM10 (0.5658 g), the monomer
CM13 (1.1148 g), the monomer CM3 (0.5995 g), the mono-
mer CM12 (0.3484 g), and toluene (69 mL) functioning as
a solvent to about 80° C. under a nitrogen atmosphere,
dichlorobis(triphenylphosphine)palladium (2.28 mg), a 20%
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by weight tetraethylammonium hydroxide aqueous solution
(11.1 g) were added, and while being further heated in an oil
bath, the mixture was stirred for about 7 hours under reflux.

Next, phenylboronic acid (37.7 mg), dichlorobis(triph-
enylphosphine)palladium (2.28 mg), and a 20% by weight
tetraethylammonium hydroxide aqueous solution (11.1 g)
were added, and while being further heated in an oil bath, the
mixture was stirred for about 16 hours under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (1.75 g) in ion-exchanged water
(35 mlL) was added, and while being heated to 85° C., the
mixture was stirred for 2 hours.

The organic layer was serially washed with ion-ex-
changed water twice, with a 3% by weight acetic acid twice,
and with ion-exchanged water twice. Then the organic layer
was added dropwise to methanol to allow the polymer
compound to be precipitated, then the polymer compound
was filtered out and dried to obtain a solid. The solid was
dissolved in toluene, then it was passed through a silica gel
column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol to allow the polymer compound
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (2.561 g: the polymer com-
pound CP3). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound CP3 were Mn=1.2x10° and Mw=3.3x10°.

Because the polymer compound CP3 was obtained at a
charging ratio of the monomers shown in Table 25, it is
estimated that the polymer compound CP3 is a polymer
having the constitutional units and the molar ratios shown in
the following Table 26.

TABLE 25
Monomer O O . '
CgHyy CgHyr
CM10
C5H13 C5H13
CM11
Proportion 36.0 14.0
of Monomer
Monomer Br Br
Br 0.0 Br N
S
CeH 3 D O CeHy3 =N
CM13
CioHas

CM3
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TABLE 25-continued

Proportion 27.5 15.0

of Monomer

Monomer Br Br
Me, N N Me
Me Me
t-Bu t-Bu
CM12
Proportion
of Monomer 7.5

TABLE 26
CeHys Cely3

Constitutional unit Constitutional unit
represented by formula (4)

Proportion of 36.0 14.0

represented by formula (4)

constitutional unit

Qs OO

Cell13 CeHyz

CiaHps

Constitutional unit
represented by formula (4)
Proportion of 275

constitutional unit

Constitutional unit
represented by formula (2)
15.0
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TABLE 26-continued
CP3 i :
Me N4©7N Me
t-Bu t-Bu
Constitutional unit
represented by formula (5)
Proportion of 75
constitutional unit
Example 9 20 solution (11.4 g) were added, and while being further heated

Synthesis of Polymer Compound P7

<First Step>

After heating a mixture containing the monomer CM6
(0.3218 g), the monomer CM5 (0.0885 g), the monomer
CM3 (0.4103 g), and toluene (44 ml.) functioning as a
solvent to about 80° C. under a nitrogen atmosphere, pal-
ladium acetate (0.17 mg), tris(2-methoxyphenyl)phosphine
(1.17 mg), and a 20% by mass tetraethylammonium hydrox-
ide aqueous solution (11.4 g) were added, and while being
further heated in an oil bath, the mixture was stirred for
about 3 hours under reflux to obtain a polymer compound
having a block (A). The polystyrene-equivalent number-
average molecular weight (Mn) and the polystyrene-equiva-
lent weight-average molecular weight (Mw) of the polymer
compound present in the reaction solution and having a
block (A) were Mn=1.2x10* and Mw=2.0x10%.
<Second Step>

Next, the monomer CM6 (1.2872 g), the monomer CM5
(1.3280 g), and toluene (19 mL) functioning as a solvent
were further added to the reaction solution, then the mixture
was heated to about 80° C., and then palladium acetate (0.50
mg) and tris(2-methoxyphenyl)phosphine (3.33 mg) were
added, and while being further heated in an oil bath, the
mixture was stirred for about 3.5 hours under reflux.

Next, phenylboronic acid (159 mg), palladium acetate
(0.65 mg), tris(2-methoxyphenyl)phosphine (4.48 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
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in an oil bath, the mixture was stirred for about 15 hours
under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (0.91 g) in ion-exchanged water
(18 mL.) was added to the reaction solution, and while being
heated to 85° C., the mixture was stirred for 3.5 hours.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 40 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 40 mL) twice, and with
ion-exchanged water (about 40 ml.) four times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 110 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 800 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.765 g: the polymer com-
pound P7). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular Wei%ht (Mw) of the Spolymer
compound P7 were Mn=1.0x10> and Mw=3.0x10".

Because the polymer compound P7 was obtained at a
charging ratio (molar ratio) of the monomers shown in
Tables 27 and 28, it is estimated that the polymer compound
P7 is a polymer compound having the constitutional units
and the molar ratios shown in the following Tables 29 and
30. In this case, the average chain length n of the block (A)
is estimated to be 3.25.

TABLE 27
Monomer for CgH 3 Br. Br
polymerization o 0
of block (A) \ / N Br Br
B B AN
/ \
© © N N CgH 7 CsH
o sHi7 CgHyy
CeHis
CM5
CM6
CioHas
CM3
Proportion 10.0 10.0 2.5

of Monomer
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TABLE 28
Monomer for CgHy3
polymerization
of block (B) O\ /O Br Br
B B
/ N\
O ¢}
CsHyz CsHiz
CeHis
CM5
CM6
Proportion 40.0 375
of Monomer
TABLE 29
Block (A) CeH3
E )
NN CsHy7 CsHyr

CeHyz

CiaHps

Constitutional unit
represented by formula (3)

Constitutional unit
represented by formula (2)

Constitutional unit
represented by formula (4)

Proportion of 10 10 2.5
constitutional unit
TABLE 30
Block (B) CeHj3 ; li 'i ;
E CgHyz CsHyz
CeHys

Constitutional unit
represented by formula (3)
40

Proportion of 37.5

constitutional unit

Constitutional unit
represented by formula (4)

Example 10

Case of Using Polymer Compound P7 for
Light-Emitting Layer

<Preparation of Composition MP7 and its Solution>

A composition MP7 including a mixture of the polymer
compound P7 and the light-emitting material EM-A at a
mass ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a concentration of the total solid
content of 1.8% by mass. The solution obtained as above
will be hereinafter referred to as a “1.8% by mass xylene
solution containing the composition MP7.”

<Fabrication of Light-Emitting Device DP7>

A light-emitting device DP7 was fabricated in the similar
manner as Example 7 except that the 1.8% by mass xylene
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solution containing the composition MP7 was used instead
of the 1.8% by mass xylene solution containing the com-
position MP5 of Example 7 and that the rotation speed in the
spin coating was changed from 1,760 rpm to 3,120 rpm.
<Evaluation of Characteristics>
When a voltage was applied to the obtained light-emitting

device DP7, green luminescence with a peak wavelength
(EL) at 520 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m® was 5.64 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.313, 0.634). When the
initial brightness was set at 8,000 cd/m?” and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 6.8 hours and the brightness half-life

was 47.0 hours.
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Example 11

Synthesis of Polymer Compound P8

<First Step>

After heating a mixture containing the monomer CM6
(1.1584 g), the monomer CM5 (1.4165 g), and toluene (44
ml) functioning as a solvent to about 80° C. under a
nitrogen atmosphere, palladium acetate (0.52 mg), tris(2-
methoxyphenyl)phosphine (3.59 mg), and a 20% by mass
tetracthylammonium hydroxide aqueous solution (11.4 g)
were added, and while being further heated in an oil bath, the
mixture was stirred for about 4 hours under reflux to obtain
a polymer compound. The polystyrene-equivalent number-
average molecular weight (Mn) and the polystyrene-equiva-
lent weight-average molecular weight (Mw) of the polymer
compound present in the reaction solution were Mn=1.1x
10* and Mw=2.7x10%.
<Second Step>

Next, the monomer CM6 (0.4505 g), the monomer CM3
(0.4103 g), and toluene (19 mL) functioning as a solvent
were further added to the reaction solution, then the mixture
was heated to about 80° C., and then palladium acetate (0.18
mg) and tris(2-methoxyphenyl)phosphine (1.00 mg) were
added, and while being further heated in an oil bath, the
mixture was stirred for about 2 hours under reflux.

Next, phenylboronic acid (160 mg), palladium acetate
(0.76 mg), tris(2-methoxyphenyl)phosphine (4.61 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
solution (11.4 g) were added, and while being further heated
in an oil bath, the mixture was stirred for about 17 hours
under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (0.91 g) in ion-exchanged water

(18 mL) was added to the reaction solution, and then while
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from the polymer compound obtained by the first step and
block (A) produced by the reaction in the second step was
produced.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 42 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 42 mL) twice, and with
ion-exchanged water (about 42 ml.) four times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 240 mL.), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 800 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.925 g: the polymer com-
pound P8). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound P8 were Mn=1.3x10° and Mw=4.5x10°.

Because the polymer compound P8 was obtained at a
charging ratio (molar ratio) of the monomers shown in
Tables 31 and 32, it is estimated that the polymer compound
P8 is a polymer compound having the constitutional units
and the molar ratios shown in the following Tables 33 and
34. In this case, the average chain length n of the block (A)
is estimated to be 3.40.

In Table 31, the “monomer for polymerization of block
(B)” refers to a monomer used to produce the polymer
compound having the block (B) in the first step, and in Table
32, the “monomer for polymerization of block (A)” refers to
a monomer added in the second step to form the block (A).
Tables 33 and 34 show the constitutional units formed from

the monomers and ratios (molar ratios) of the respective

being heated to 85° C., the mixture was stirred for 2 hours. *3 constitutional units determined based on the ratios of the
Thereby a polymer compound having the block (B) derived monomers.
TABLE 31
Monomer for CeH 3
polymerization
of block (B) O\ /O Br Br
B B
/ \
(6] (6]
CsHyz CgHyp
CeHis
CMS5
CM6
Proportion 36.0 40.0

of Monomer
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TABLE 32
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Monomer for CeH i3

polymerization

Br

Br.
of block (A) 0, O
\ /
B B N\
O/ \O
N N
yZ
Cely3
CM6
CraHhs
CM3
Proportion 14.0 10.0
of Monomer
TABLE 33
Block (B) Cel 3 . '
CgHy7 CgHyy
CeHys

Constitutional unit represented by formula (3) Constitutional unit represented by formula (4)

Proportion of 36

constitutional unit

40

TABLE 34

Block (A)

CeHyz

Constitutional unit represented by formula (3)
Proportion of 14

constitutional unit

Cell3
N
x
N = N

CiaHps

Constitutional unit represented by formula (2)

10

Example 12

Case of Using Polymer Compound P8 for
Light-Emitting Layer

<Preparation of Composition MP8 and its Solution>

A composition MP8 including a mixture of the polymer
compound P8 and the light-emitting material EM-A at a
mass ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a concentration of the total solid
content of 1.6% by mass. The solution obtained as above
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will be herein after referred to as a “1.6% by mass xylene
solution containing the composition MP8.”

<Fabrication of Light-Emitting Device DP8>

A light-emitting device DP8 was fabricated in the similar
manner as Example 7 except that the 1.6% by mass xylene
solution containing the composition MP8 was used instead
of the 1.8% by mass xylene solution containing the com-
position MP5 of Example 7 and that the rotation speed in the
spin coating was changed from 1,760 rpm to 2,600 rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DPS, green luminescence with a peak wavelength
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(EL) at 520 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m* was 6.50 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.316, 0.632). When the
initial brightness was set at 8,000 cd/m? and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 6.7 hours and the brightness half-life
was 45.5 hours.

Synthesis Example 6
Synthesis of Polymer Compound CP4

After heating a mixture containing monomers such as the
monomer CM6 (1.6089 g), the monomer CMS5 (1.4165 g),
and the monomer CM3 (0.4103 g), and toluene (63 ml)
functioning as a solvent to about 80° C. under a nitrogen
atmosphere, palladium acetate (0.73 mg), tris(2-methoxy-
phenyl)phosphine (4.46 mg), and a 20% by weight tetraeth-
ylammonium hydroxide aqueous solution (11.4 g) were
added, and while being further heated in an oil bath, the
mixture was stirred for about 4.5 hours under reflux.

Next, phenylboronic acid (159.1 mg), palladium acetate
(0.71 mg), tris(2-methoxyphenyl)phosphine (4.62 mg), and
a 20% by weight tetracthylammonium hydroxide aqueous
solution (11.4 g) were added, and while being further heated
in an oil bath, the mixture was stirred for about 19 hours
under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (0.91 g) in ion-exchanged water
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(18 mL) was added, and then while being heated to 85° C.,
the mixture was stirred for about 2 hours.

The organic layer was serially washed with 3.6% by
weight hydrochloric acid (about 50 mL) twice, with a 2.5%
by weight ammonia aqueous solution (about 50 mL) twice,
and with ion-exchanged water (about 50 mlL) six times.
Then the organic layer was added dropwise to methanol to
allow a polymer compound to be precipitated, then the
polymer compound was filtered out and dried to obtain a
solid. The solid was dissolved in toluene (about 160 mL),
then it was passed through a silica gel column and alumina
column in which toluene had been previously passed
through, and the obtained solution was added dropwise to
methanol (about 800 in L) to allow a polymer compound to
be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.77 g: the polymer compound
CP4). The polystyrene-equivalent number-average molecu-
lar weight (Mn) and the polystyrene-equivalent weight-
average molecular weight (Mw) of the polymer compound
CP4 were Mn=1.1x10° and Mw=3.5x10°.

Because the polymer compound CP4 was obtained at a
charging ratio of the monomers shown in Table 35, it is
estimated that the polymer compound CP4 is a polymer
compound having the constitutional units and the molar
ratios shown in the following Table 36. In this case, the
average chain length n of the polymer compound CP4 is
estimated to be 11.0.

TABLE 35
Monomer CeH 3 Br. Br
O\ /O
B B N\
/ N\
¢ (¢]
N
-
CeHys
CM6
CioHys
CM3
Proportion 50.0 10.0
of Monomer
Monomer
Br 0.0 Br
CgHy7 CsHys
CMS5
Proportion 40.0

of Monomer
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TABLE 36
CP4 CeH)3
IOUUSIE WY
@7 A
NN CsHiy CsHir
CeHis
CioHas
Proportion of 50 10 40
constitutional unit
Comparative Example 4 The polymer compound used for the light-emitting device
) DCP4 in Comparative Example 4 is a polymer compound
Case of Using Polymer Compound CP4 for 30

Light-Emitting Layer

(Preparation of Composition MCP4 and its Solution)

A composition MCP4 including a mixture of the polymer
compound CP4 and the light-emitting material EM-A at a
weight ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a content of the total solid content of
1.8% by weight. The solution obtained as above will be
hereinafter referred to as a “1.8% by weight xylene solution
containing the composition MCP4.”

(Fabrication of Light-Emitting Device DCP4)

A light-emitting device DCP4 was fabricated in the simi-
lar manner as Example 7 except that the 1.8% by mass
xylene solution containing the composition MCP4 was used
instead of the 1.8% by mass xylene solution containing the
composition MP5 of Example 7 and that the rotation speed
in the spin coating was changed from 1,760 rpm to 2,900
rpm.

<Evaluation of Characteristics>

When a voltage was applied to the light-emitting device
DCP4, green luminescence with a peak wavelength (EL) at
520 nm was obtained. The driving voltage at the brightness
of 1,000 cd/m® was 8.17 V, and the chromaticity coordinate
C.LE. 1931 was (x, y)=(0.321, 0.629). When the initial
brightness was set at 8,000 cd/m? and the device was driven
with a constant current, time taken for reducing the bright-
ness by 20% was 4.7 hours and the brightness half-life was
36.0 hours.
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including constitutional units similar to those of the polymer
compound P7 used for the light-emitting device DP7 in
Example 10 and the polymer compound P8 used for the
light-emitting device DP8 in Example 12 but not having a
block (A) with an electron transporting property as those
imparted in P7 and P8. In order to verify the difference of
characteristics occurring due to the difference in the struc-
tures of the polymer compounds, the following Table 37
shows relative values of the driving voltages for the light-
emitting devices at the brightness of 1,000 cd/m?, the time
taken for reducing the brightness by 20%, which becomes an
index for the stability of the light-emitting device, and the
brightness half-life, when the values of the DCP4 are 1.00.

TABLE 37
Time required for  Time required for
Driving voltage at reducing brightness reducing brightness
1,000 cd/m? by 20% by half
(relative value) (relative value) (relative value)

DP7 0.69 1.45 1.31
DP8 0.80 1.43 1.26
DCP4 1.00 1.00 1.00
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Synthesis Example 7

Preparation of Light-Emitting Material EM-C

A light-emitting material EM-C was synthesized accord-
ing to the following synthesis method.

[Chemical Formula 71]

RS

5-bromo-2-phenylpyridine and 4,6-bis(4-tert-butylphe- 40

nyl)-2-chloro-1,3,5-triazin were synthesized according to a
method described in Japanese Patent Application Laid-Open
No. 2008-179617. Next, a compound -2 was synthesized
based on these materials by the following method.

[Chemical Formula 72]

1) n-BuLi
2) B(O—i-Pr)3
— 3) NaOH aq.
4) HCI aq.
g DHECled
\ / E,0
N -78° C.
Cl
@
=
N
BOH t-Bu t-Bu
\ / (OH), Pd(PPhs)s
N Na,CO3
1-1 toluene/H,O

reflux



US 9,478,744 B2

153

-continued
t-Bu

L-2

5-bromo-2-phenylpyridine (103.0 g, 440 mmol) and
1,320 mlL dehydrated diethyl ether were measured and
placed in a reactor and the mixture was cooled to -67° C.
under a nitrogen atmosphere. An n-butyllithium/hexane
solution (1.59 M, 318.2 mL,, 506 mmol) was added dropwise
to the mixture over a period of 20 minutes. After the drip was
completed, the obtained solution was stirred at —-67° C. for
1.5 hours, then triisopropyl borate (95.2 g, 506 mmol) was
added and the mixture was stirred at —=67° C. for 4 hours, and
then the temperature was gradually increased to room tem-
perature and the mixture was stirred all night. 440 mL of 1N
aqueous sodium hydroxide and 500 mL of distilled water
were added to the reaction solution and the mixture was
stirred at room temperature for 30 minutes. The aqueous
layer was recovered from the reaction solution by carrying
out a separation process, and about 400 ml, of 3N hydro-
chloric acid was added to adjust the pH to 5, a syrupy
precipitate was generated. The supernatant was removed
from the reaction solution, the precipitate was washed twice
with 200 mL of diluted water, and it was dissolved in 800
ml of methanol to obtain a methanol solution. The super-
natant was extracted twice with 1,000 mL of ethyl acetate
and dried over anhydrous magnesium sulfate, and then was
vacuum-concentrated together with the methanol solution.
Ethyl acetate was added to the obtained residue and water
was removed by azeotropy to obtain a compound -1 (82.9
g) as pale gray powder.

4,6-bis(4-tert-butylphenyl)-2-chloro-1,3,5-triazin (137.1
g, 361 mmol), the compound L-1 (82.6 g, 415 mmol),
toluene (2,890 mL), and tetrakis(triphenylphosphine) palla-
dium (0) (8.34 g, 7.22 mmol) were measured and placed in
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a reactor and while the mixture was stirred at 50° C. under
a nitrogen air flow to allow the solid content to be dissolved.
A 2M sodium carbonate aqueous solution (722 mL) was
added to the obtained solution, and the mixture was refluxed
for 17 hours. The organic layer was recovered from the
reaction solution and was washed with 1,000 mL of'a 5% by
weight sodium hydrogen carbonate aqueous solution and
100 mL of a 10% by weight brine. The washed organic layer
was dried over sodium sulfate, and concentrated to about
400 mL. The obtained concentrated solution was purified by
silica gel column chromatography (toluene), and the solvent
was removed by distillation. The obtained residue was
dissolved in 350 mL of chloroform, ethanol (1,400 mL) was
added to allow it to be crystallized. The crystal was sepa-
rated and recovered by filtration, washed with 500 mL of
ethanol, and dried to obtain a compound L-2 (169.2 g).

The analysis result of the obtained compound L-2 is as
follows. In measuring the compound L-2 by an LC-MS,
ion-exchanged water containing about 0.1% by weight ace-
tic acid and acetonitrile containing about 0.1% by weight
acetic acid were used in the mobile phase of the LC-MS
while changing their ratio at the flow rate of 0.2 mI./min.

LC-MS (APPI, positive) m/z: 499 (|[M+H]*)

'"H-NMR (300 MHz, CDCly), 8=1.42 (s, 18H), 7.52 (m,
3H), 7.62 (d, J=6.8 Hz, 4H), 7.95 (d, J=8.4 Hz, 1H), 8.16 (d,
J=7.3 Hz, 2H), 8.69 (d, J=6.8 Hz, 4H), 9.04 (d, J=8.4 Hz,
1H), 10.02 (s, 1H).

Next, a metal complex compound EM-C, which is a

light-emitting material, was synthesized based on the com-
pound L-2 by the following method.
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L-2

complex 1
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[Chemical Formula 73]

ICl3+31,0

_—
2-ethoxyethanol/H,O
140° C.
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-continued
AgOTf
diglyme

EM-C

The compound [.-2 (22.17 g, 44 mmol), iridium chloride
trihydrate (6.95 g, 20 mmol), 2-ethoxyethanol (96 mL), and
water (32 ml) were measured and placed in a reactor, and
the mixture was heated at 140° C. for 15 hours under an
argon stream. After air-cooling the mixture, the obtained
mixture was separated by filtration, and the residue was
washed with methanol (150 mL), water, (100 mL), and
methanol (150 mL) in this order to obtain a red solid. The
red solid was dissolved in chloroform (200 mlL), then
ethanol (300 mL) was added to the mixture, and it was
refluxed for 2 hours. After air-cooling, the deposited solid
was separated and recovered by filtration and washed with
ethanol. After repeating this procedure for three times, the
obtained solid was collected and dried under vacuum to
obtain a metal complex 1 (20.03 g).

The metal complex 1 (759 mg, 0.30 mmol), a compound
L-3 (330 mg, 0.61 mmol) which had been synthesized
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according to the method described in W0O2006/062226, and
diglyme (9 mL) were measured and placed in a reactor,
silver trifluoromethanesulfonate (157 mg, 0.61 mmol) was
added to the mixture, and it was stirred at 100° C. for 10
hours under an argon stream. After air-cooling the reaction
mixture, pure water (50 mL) was added to it and the obtained
precipitate was separated by filtration. A toluene/hexane (1/2
(on volume basis)) mixed solvent (40 mL) was added to the
precipitate and the mixture was filtered. The filtrate was
dried over sodium sulfate. The solution was filtered and then
purified by silica gel column chromatography (hexane/
toluene=1/1.5 (on volume basis)), and the solvent was
removed by distillation. The obtained residue was washed
with methanol (50 mL) and dried under vacuum to obtain a
metal complex compound EM-C (252 mg, 0.15 mmol).

The analysis result of the obtained metal complex com-
pound EM-C is as follows.
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LC-MS (APCI, positive) m/z: 1,733 ([M+H]")

'H-NMR (600 MHz, THF-d,), 6=1.22 (s, 18H), 1.35 (5,
18H), 1.38 (s, 18H), 6.81 (m, 1H), 6.82 (m, 1H), 6.86 (m,
1H), 6.90 (m, 1H), 6.96 (d, I=7.1 Hz, 1H), 7.41 (d, J=7.1 Hz,
1H), 7.22 (d, J=8.2 Hz, 1H), 7.24 (d, J=8.2 Hz, 1H), 7.47 (d,
J=8.2 Hz, 4H), 7.48 (d, J=8.5 Hz, 4H), 7.50 (d, J=8.2 Hz,
4H), 7.66 (m, 1H), 7.66 (d, J=8.2 Hz, 4H), 7.71 (m, 2H),
7.74 (s, 1H), 7.84 (s, 2H), 7.89 (d, J=7.9 Hz, 1H), 7.93 (d,
J=7.9 Hz, 1H), 8.03 (d, J=6.4 Hz, 1H), 8.06 (m, 1H), 8.29

160
(d, I=8.8 Hz, 1H), 8.38 (d, J=8.5 Hz, 4H), 8.41 (d, J=8.8 Hz,
1H), 8.43 (d, J=8.2 Hz, 4H), 8.67 (s, 1H), 8.99 (d, J=8.8 Hz,
1H), 9.21 (m, 1H), 9.23 (d, J=8.8 Hz, 1H), 9.28 (s, 1H), 9.44
(s, 1H).
(Synthesis of Monomer CM16)

The following step was carried out to obtain a monomer
CM16 which exhibited 99.0% or more of HPLC area

normalization value (UV: 254 nm). [(Chemical Formula 74]
emcal rormula

N-Bromosuccinimide
CHCl3

CM16
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A metal complex compound EM-C (4.25 g, 2.5 mmol)
and chloroform (400 ml.) were measured and placed in a
reactor and the metal complex was dissolved under an argon
stream. N-bromosuccinimide (872 mg, 4.9 mmol) was
added thereto, and the mixture was stirred at room tempera-
ture for 24 hours. The solvent was removed by distillation
and then a chloroform/hexane mixed solvent (100 mL.) was
added to the residue to dissolve the residue. The obtained
solution was purified by silica gel chromatography (devel-
oping solvent: chloroform/hexane mixed solvent). The
eluted solution was recovered, the solvent was removed by
distillation, and then the residue was washed with methanol
to obtain a metal complex monomer CM16 (3.76 g, 2.0
mmol) represented by the aforementioned formula.

The analysis result of the obtained metal complex mono-
mer CM16 is as follows.

MALDI-TOFMS (positive, [Measuring method 1]) m/z:
1,890 ([M])

'H-NMR (300 MHz, THF-dg), 8=1.27 (s, 18H), 1.36 (s,
18H), 1.41 (s, 18H), 6.95 (m, 4H), 7.24 (m, 2H), 7.48 (m,
12H), 7.69 (m, 5H), 7.74 (m, 3H), 7.83 (s, 2H), 7.99 (d,
J=6.0 Hz, 1H), 8.09 (m, 3H), 8.40 (m, 9H), 8.54 (d, J=8.6
Hz, 1H), 8.68 (s, 1H), 9.05 (m, 1H), 9.22 (m, 2H), 9.28 (d,
J=8.6 Hz, 1H), 9.46 (s, 1H).

Example 13
Synthesis of Polymer Compound P9

<First Step>
After heating a mixture containing the monomer CM11

(0.2770 g), the monomer CM13 (0.0806 g), the monomer
CM3 (0.2383 g), and toluene (31 ml) functioning as a
solvent to about 80° C. under a nitrogen atmosphere, dichlo-
robis(triphenylphosphine)palladium (0.38 mg), a 20% by
mass tetraethylammonium hydroxide aqueous solution (6.6
g) were added, and while being further heated in an oil bath,
the mixture was stirred for about 3 hours under reflux to
obtain a polymer compound having a block (A). The poly-
styrene-equivalent number-average molecular weight (Mn)
and the polystyrene-equivalent weight-average molecular
weight (Mw) of the polymer compound present in the
reaction solution and having a block (A) were Mn=8.3x10>
and Mw=1.2x10*.

10

15

20

25

30

35

40

162
<Second Step>

Next, the monomer CM11 (0.3878 g), the monomer
CM10 (0.2249 g), the monomer CM13 (0.3303 g), the
monomer CM12 (0.1385 g), the monomer CM16 (0.0945 g),
and toluene (19 mL) functioning as a solvent were added to
the reaction solution, then the mixture was heated to about
80° C., then dichlorobis(triphenylphosphine)palladium
(0.53 g) was added, and then while being further heated in
an oil bath, the mixture was stirred for about 4 hours under
reflux.

Next, phenylboronic acid (30.8 mg), dichlorobis(triph-
enylphosphine)palladium (0.94 g), and a 20% by mass
tetraethylammonium hydroxide aqueous solution (6.6 g)
were added, and while being further heated in an oil bath, the
mixture was stirred for about 16 hours under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (0.35 g) in ion-exchanged water
(6.7 mL.) was added to the reaction solution, and then while
being heated to 85° C., the mixture was stirred for 2.5 hours.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 25 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 25 mL) twice, and with
ion-exchanged water (about 25 ml.) four times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 95 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 475 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.134 g: the polymer com-
pound P9). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound P9 were Mn=9.1x10* and Mw=3.1x10°.

Because the polymer compound P9 was obtained at a
charging ratio (molar ratio) of the monomers shown in
Tables 38 and 39, it is estimated that the polymer compound
P9 is a polymer compound having the constitutional units
and the molar ratios shown in the following Tables 40 and
41. In this case, the average chain length n of the block (A)
is estimated to be 3.33.

TABLE 38

Monomer for

polymerization o] O
of block (A) N\ O D 7
/ N\

O ¢}

CeHyz

CM11

Proportion 15.0

of Monomer

Br

CeHyz

Cely3

5.0
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TABLE 38-continued

Monomer for Br Br
polymerication
of block (A)
N,
X
= N
CioHas
CM3
Proportion 15.0
of Monomer
TABLE 39
Monomer for
polymerization O\ /O O\
of block (B) /B B\ /B .
o ¢} (¢]
CsHy7 CsHiy
CM10
CeHiz CeHy3
CM11
Proportion 21.0 14.0

of Monomer

Monomer for

polymerization
of block (B) Br
CeHys CeHys

Br
Me, N
t-Bu
CM12

Proportion 20.5 7.5

of Monomer




US 9,478,744 B2

165 166
TABLE 39-continued

Monomer for tBu tBu
polymerization
of block (B)
N
N N

tBu
CM16
Proportion 2.0
of Monomer
TABLE 40
Block (A) O Q
O O C6H6H13
C5H13 C6H13

Constitutional unit represented by formula (4)  Counstitutional unit represented by formula (4)
Proportion of 15.0 5.0
constitutional unit

Block (A)

CiaHps

Constitutional unit represented by formula (2)
Proportion of 15.0
constitutional unit
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TABLE 41

Block (B) : :

CeHys CeHys

Constitutional unit represented by formula (4)
Proportion of 21.0
constitutional

unit

A

CgHyr CgHyr

Constitutional unit represented by formula (4)

Block (B)
CeHyz CeHyz

Constitutional unit represented by formula (4)

14.0
Me N N
@7 . . Q
t-Bu t-Bu

Constitutional unit represented by formula (5)

Proportion of 20.5 7.5
constitutional
unit
Block (B) tBu tBu
N, N
[
N, P
tBu
tBu

Constitutional unit derived from phosphorescence-emitting compound

Proportion of
constitutional

unit

2.0
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Example 14

Case of Using Polymer Compound P9 for
Light-Emitting Layer

<Preparation of Solution Containing Polymer Compound
P9>
The polymer compound P9 was dissolved in xylene

(manufactured by Kanto Chemical Co., Inc. with the grade
for use in electronics) to achieve a concentration of the total
solid content of 1.6% by mass. The solution obtained as
above will be hereinafter referred to as a “1.6% by mass
xylene solution containing the polymer compound P9.”

<Fabrication of Light-Emitting Device DP9>

A light-emitting device DP9 was fabricated in the similar
manner as Example 7 except that the 1.6% by mass xylene
solution containing the polymer compound P9 was used
instead of the 1.8% by mass xylene solution containing the
composition MP5 of Example 7 and that the rotation speed
in the spin coating was changed from 1,760 rpm to 2,100
rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DP9, red luminescence with a peak wavelength (EL)
at 615 nm was obtained. The driving voltage at the bright-
ness of 1,000 cd/m* was 4.23 V, and the chromaticity
coordinate C.L.E. 1931 was (%, y)=(0.650, 0.349).

Synthesis Example 8
Synthesis of Polymer Compound CP5

After heating a mixture containing the monomer CM11
(0.2659 g), the monomer CM10 (0.0900 g), the monomer
CM13 (0.1644 g), the monomer CM3 (0.0953 g), the
monomer CM12 (0.0554 g), the monomer CM16 (0.0378 g),
and toluene (16 mL) functioning as a solvent to about 80° C.
under a nitrogen atmosphere, dichlorobis(triphenylphos-
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phine)palladium (0.39 g), a 20% by weight tetraethylam-
monium hydroxide aqueous solution (2.65 g) were added,
and while being further heated in an oil bath, the mixture
was stirred for about 5 hours under reflux.

Next, phenylboronic acid (12.3 mg), dichlorobis(triph-
enylphosphine)palladium (0.39 g), and a 20% by weight
tetraethylammonium hydroxide aqueous solution (2.65 g)
were added, and while being further heated in an oil bath, the
mixture was stirred for about 18 hours under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (0.14 g) in ion-exchanged water
(2.7 in L) was added, and then while being heated to 85° C.,
the mixture was stirred for 2 hours.

The organic layer was serially washed with 3.6% by
weight hydrochloric acid (about 10 mL) twice, with a 2.5%
by weight ammonia aqueous solution (about 10 mL) twice,
and with ion-exchanged water (about 10 mL) four times.
Then the organic layer was added dropwise to methanol to
allow a polymer compound to be precipitated, then the
polymer compound was filtered out and dried to obtain a
solid. The solid was dissolved in toluene (about 28 mL.), then
it was passed through a silica gel column and alumina
column in which toluene had been previously passed
through, and the obtained solution was added dropwise to
methanol (about 190 mL) to allow a polymer compound to
be precipitated, and then it was filtered out and dried to
obtain a polymer compound (0.419 g: the polymer com-
pound CP5). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound CP5 were Mn=9.3x10* and Mw=3.0x10°.

Because the polymer compound CP5 was obtained at a
charging ratio of the monomers shown in Table 42, it is
estimated that the polymer compound CPS5 is a polymer
having the constitutional units and the molar ratios shown in
the following Table 43.

TABLE 42

Monomer
CeHiz CeHiz
CM11
Proportion
of Monomer 36.0

CsHy7 CgHyr

CM10

L :.: (T j}{i

14.0
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TABLE 42-continued
Monomer Br Br
Br . Br N
x
7335 7335 N..=zN
CM13
Ciatys
CM3
Proportion 25.5 15.0
of Monomer
Monomer Br Br tBu tBu
E E E E N
Me N N
B
Me Me N
N yd
L~ tBu
t-Bu t-Bu
CM12
2
tBu
CM16
Proportion 7.5 2.0
of
Monomer
TABLE 43
CP5
CgHy7 CsHys
CeHys CeHiz
Constitutional unit represented by formula (4) Constitutional unit represented by formula (4)
Proportion of 36.0 14.0
constitutional

unit
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TABLE 43-continued

Constitutional unit represented by formula (4)

e

CpaHas

Constitutional unit represented by formula (2)

Proportion of 25.5 15.0
constitutional
unit
z f _:_ i tBu tBu
B
N A
N

Constitutional unit represented by formula (5)
Proportion 7.5
of
constitu-

tional unit

tBu

Constitutional unit derived from phosphorescence-emitting compound

2.0

Comparative Example 5

Case of Using Polymer Compound CP5 for
Light-Emitting Layer

<Preparation of Solution Containing Polymer Compound
CP5>

The polymer compound CP5 was dissolved in xylene
(manufactured by Kanto Chemical Co., Inc. with the grade
for use in electronics) to achieve a content of the total solid
content of 1.8% by mass. The solution obtained as above
will be hereinafter referred to as a “1.8% by mass xylene
solution containing the polymer compound. CP5.”

<Fabrication of Light-Emitting Device DCP5>

A light-emitting device DCP5 was fabricated in the simi-
lar manner as Example 7 except that the 1.8% by mass
xylene solution containing the polymer compound CP5 was
used instead of the 1.8% by mass xylene solution containing
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the composition MP5 of Example 7 and that the rotation
speed in the spin coating was changed from 1,760 rpm to
2,500 rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DCP5, red luminescence with a peak wavelength
(EL) at 615 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m® was 4.70 V, and the chromaticity
coordinate C.LE. 1931 was (x, y)=(0.648, 0.350).

The polymer compound (CP5) used for the light-emitting
device DCP5 in Comparative Example 5 is a polymer
compound including constitutional units similar to those of
the polymer compound (P9) used for the light-emitting
device DP9 in Example 14, but not having a block (A) with
an electron transporting property as that imparted in P9. In
order to verify the difference of characteristics occurring due
to the difference in the structures of the polymer compounds,
the following Table 44 shows relative values of the driving



US 9,478,744 B2

175

voltages for the light-emitting devices at the brightness of
1,000 cd/m?, when the value of the DCP5 is 1.00.

TABLE 44

Driving voltage at 1,000 cd/m?
(relative value)

DP9
DCP5

0.90
1.00

Example 15
Synthesis of Polymer Compound P10

<First Step>

After heating a mixture containing the monomer CM6
(0.3040 g), the monomer CM15 (0.1638 g), the monomer
CM14 (0.2742 g), and toluene (29 mL) functioning as a
solvent to about 80° C. under a nitrogen atmosphere, pal-
ladium acetate (0.22 mg), tris(2-methoxyphenyl)phosphine
(1.13 mg), and a 20% by mass tetraethylammonium hydrox-
ide aqueous solution (9.0 g) were added, and while being
further heated in an oil bath, the mixture was stirred for
about 4 hours under reflux to obtain a polymer compound
having a block (A). The polystyrene-equivalent number-
average molecular weight (Mn) and the polystyrene-equiva-
lent weight-average molecular weight (Mw) of the polymer
compound present in the reaction solution and having a
block (A) were Mn=4.4x10> and Mw=9.8x10°.
<Second Step>

Next, the monomer CM6 (0.9628 g), the monomer CM15
(1.1469 g), and toluene (10 mL) functioning as a solvent
were added to the reaction solution, then the mixture was
heated to about 80° C., and then palladium acetate (0.44 mg)
and tris(2-methoxyphenyl)phosphine (2.54 mg) were added,
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and while being further heated in an oil bath, the mixture
was stirred for about 4 hours under reflux.

Next, phenylboronic acid (63 mg), palladium acetate
(0.64 mg), tris(2-methoxyphenyl)phosphine (3.64 mg), and
a 20% by mass tetracthylammonium hydroxide aqueous
solution (9.0 g) were added, and while being further heated
in an oil bath, the mixture was stirred for about 15 hours
under reflux.

A solution prepared by dissolving sodium N,N-diethyldi-
thiocarbamate trihydrate (0.72 g) in ion-exchanged water
(14 mL) was added to the reaction solution, and then while
being heated to 85° C., the mixture was stirred for 3.5 hours.

The organic layer was serially washed with 3.6% by mass
hydrochloric acid (about 36 mL) twice, with a 2.5% by mass
ammonia aqueous solution (about 36 mL) twice, and with
ion-exchanged water (about 36 mL) five times. Then the
organic layer was added dropwise to methanol to allow the
product to be precipitated, then the product was filtered out
and dried to obtain a solid. The solid was dissolved in
toluene (about 200 mL), then it was passed through a silica
gel column and alumina column in which toluene had been
previously passed through, and the obtained solution was
added dropwise to methanol (about 680 mL) to allow a solid
to be precipitated, and then it was filtered out and dried to
obtain a polymer compound (1.499 g: the polymer com-
pound P10). The polystyrene-equivalent number-average
molecular weight (Mn) and the polystyrene-equivalent
weight-average molecular weight (Mw) of the polymer
compound P10 were Mn=1.8x10° and Mw=5.1x10".

Because the polymer compound P10 was obtained at a
charging ratio (molar ratio) of the monomers shown in
Tables 45 and 46, it is estimated that the polymer compound
P10 is a polymer compound having the constitutional units
and the molar ratios shown in the following Tables 47 and
48. In this case, the average chain length n of the block (A)
is estimated to be 3.70.

TABLE 45

Monomer for

CeHi3

N—N
polymerization e
of block (A) 0, O / \
\ / N
B B B Br
/ AN ! Y4
O ¢}
CeHis
CM6
CeHiz
CM14
Proportion 12 10

of Monomer

Monomer for
polymerization
of block (A)

Proportion 5
of Monomer
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TABLE 46

178

Monomer for
polymerization
of block (B) 0,

CeHi3
L)
/ Br Br
B B
St
(0] (@]
2 oy
CM6

CeHiz CeHy3
CM15
Proportion 38 35
of Monomer
TABLE 47
Block (A) CeHiz

Cely3

Constitutional unit represented
by formula (3)
Proportion of 12

constitutional unit

OO0

CeHys

Constitutional unit represented by formula (2)

LI $)
RS

CeHys Cely3

Constitutional unit represented
by formula (4)

10 5

TABLE 48

Block (B) O D CeHys
SR

CeHiz CeHys

Constitutional unit represented by formula (3) Constitutional unit represented by formula (4)

Proportion of 38

constitutional unit

35

Example 16

Case of Using Polymer Compound P10 for
Light-Emitting Layer

<Preparation of Composition MP10 and its Solution>

A composition MP10 including a mixture of the polymer
compound P10 and the light-emitting material EM-A at a
mass ratio of 70:30 was dissolved in xylene (manufactured
by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a content of the total solid content of
1.2% by mass. The solution obtained as above will be
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hereinafter referred to as a “1.2% by mass xylene solution
containing the composition MP10.”

<Fabrication of Light-Emitting Device DP10>

A light-emitting device DP10 was fabricated in the similar
manner as Example 7 except that the 1.2% by mass xylene
solution containing the composition MP10 was used instead
of the 1.8% by mass xylene solution containing the com-
position MP5 of Example 7 and that the rotation speed in the
spin coating was changed from 1,760 rpm to 1,650 rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DP10, green luminescence with a peak wavelength
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(EL) at 520 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m* was 7.82 V, and the chromaticity
coordinate C.L.E. 1931 was (%, y)=(0.309, 0.636).

Example 17

Case of Using Polymer Compound PS5 for
Light-Emitting Layer

<Preparation of Composition MP5-2 and its Solution>

A composition MP5-2 including a mixture of the polymer
compound PS5 and the light-emitting material EM-C at a
mass ratio of 92.5:7.5 was dissolved in xylene (manufac-
tured by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a content of the total solid content of
1.8% by mass. The solution obtained as above will be
hereinafter referred to as a “1.8% by mass xylene solution
containing the composition MP5-2.”

<Fabrication of Light-Emitting Device DP5-2>

A light-emitting device DP5-2 was fabricated in the
similar manner as Example 7 except that the 1.8% by mass
xylene solution containing the composition MP5-2 was used
instead of the 1.8% by mass xylene solution containing the
composition MP5 of Example 7 and that the rotation speed
in the spin coating was changed from 1,760 rpm to 1,700
rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DP5-2, red luminescence with a peak wavelength
(EL) at 615 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m* was 3.94 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.643, 0.355). When the
initial brightness was set at 8,000 cd/m* and the device was
driven with a constant current, time taken for reducing the
brightness by 20% was 113.6 hours and the brightness 60%
reduction life was 463.4 hours.

Comparative Example 6

Case of Using Polymer Compound CP3 for
Light-Emitting Layer

(Preparation of Composition MCP3 and its Solution)

A composition MCP3 including a mixture of the polymer
compound CP3 and the light-emitting material EM-C at a
mass ratio of 92.5:7.5 was dissolved in xylene (manufac-
tured by Kanto Chemical Co., Inc. with the grade for use in
electronics) to achieve a concentration of the total solid
content of 1.8% by mass. The solution obtained as above
will be hereinafter referred to as a “1.8% by mass xylene
solution containing the composition MCP3.”

<Fabrication of Light-Emitting Device DCP3>

A light-emitting device DCP3 was fabricated in the simi-
lar manner as Example 7 except that the 1.8% by mass
xylene solution containing the composition MCP3 was used
instead of the 1.8% by mass xylene solution containing the
composition MP5 of Example 7 and that the rotation speed
in the spin coating was changed from 1,760 rpm to 2,080
rpm.

<Evaluation of Characteristics>

When a voltage was applied to the obtained light-emitting
device DCP3, red luminescence with a peak wavelength
(EL) at 615 nm was obtained. The driving voltage at the
brightness of 1,000 cd/m” was 4.21 V, and the chromaticity
coordinate C.I.LE. 1931 was (%, y)=(0.644, 0.355). When the
initial brightness was set at 8,000 cd/m* and the device was
driven with a constant current, time taken for reducing the
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brightness by 20% was 101.0 hours and the brightness 60%
reduction life was 383.2 hours.

The polymer compound used for the light-emitting device
DCP3 in Comparative Example 6 is a polymer compound
including constitutional units similar to those of the polymer
compound P5 used for the light-emitting device DP5-2 in
Example 17, but not having a block (A) having an electron
transporting property as that imparted in P5. In order to
verify the difference of characteristics occurring due to the
difference in the structures of the polymer compounds, the
following Table 49 shows relative values of the driving
voltages for the light-emitting devices at the brightness of
1,000 cd/m?, the time taken for reducing the brightness by
20%, which becomes an index for the stability of the
light-emitting device, and the brightness 60% reduction life,
when the values of the DCP3 is 1.00.

TABLE 49
Driving voltage  Time required for Time required for
at 1,000 cd/m? reducing brightness by reducing brightness by
(relative value) 20% (relative value)  60% (relative value)
DP5-2 0.94 1.12 1.21
DCP3 1.00 1.00 1.00

REFERENCE SIGNS LIST

0: Substrate

1: Anode

2: Hole injection layer (charge injection layer)

3: Hole transport layer

4: Light-emitting layer

6: Electron injection layer (charge injection layer)
7: Cathode

10: Light-emitting device

The invention claimed is:

1. A polymer compound comprising a block (A) compris-
ing a structure comprising two or more first groups and a
second group represented by formula (0-0) linking the first
groups, and

wherein the polymer compound comprises as the first

groups at least one of a group represented by formula
(0-1) and a group represented by formula (0-2);

0-0)

O-1)

©-2)

wherein

in formula (0-0), Ar° represents an arylene group or a
divalent aromatic heterocyclic group having a structure
different from that of the first group and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
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tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; n represents an average chain length in
terms of Ar° and is a numerical value of 1.0 or more and
8.0 or less; and

in formulas (0-1) and (0-2), X', X'2, X'3, X'* X' X6,
X2, X2, X** X** and X*° each independently repre-
sent a carbon atom or a nitrogen atom, where two or
three of X, X*2, X' X'* X' and X' are a nitrogen
atom and three of X?!, X*?, X**, X** and X*° are a
nitrogen atom; and the group represented by formula
(0-1) and the group represented by formula (0-2) may
have an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group, an alkoxy group, an ary-
loxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group,
a substituted carboxyl group, a fluorine atom or a cyano
group as a substituent, wherein the block (A) comprises
multiple constitutional units represented by formula

(0);

©
A 2t A

wherein

in formula (0), Z represents the group represented by
formula (0-1) or the group represented by formula

0-2);

Arg“ ar)ld Ar® each independently have the same defini-
tion as the Ar’ and are each independently a group
having a structure different from that of Z; when
multiple Ar°* and Ar®® groups are present, the groups
may be the same or different; and s, and s, each
independently represent 1 or 2, further comprising: a
block (B) having a structure different from that of the
block (A),

wherein the block (B) is contained so that a value repre-
sented by expression (VII) becomes 0.5 or less;

[BY[A] (VID)

wherein
in expression (VII), [A] represents a mol % of the
constitutional unit represented by formula (0) con-
tained in the block (A); and [B] represents a mol % of
the constitutional unit represented by formula (0) in the
block (B).
2. The polymer compound according to claim 1, wherein
the n is a numerical value of 1.0 or more and 6.5 or less.
3. The polymer compound according to claim 2, wherein
the n is a numerical value of 1.5 or more and 5.0 or less.
4. The polymer compound according to claim 1, wherein
the Ar°® and Ar®” are each independently at least one group
selected from the group consisting of a phenylene group, a
naphthalene-diyl group, a fluorene-diyl group and a dihy-
drophenanthrene-diyl group.
5. The polymer compound according to claim 1, com-
prising as the constitutional unit represented by formula (0)
a constitutional unit represented by formula (2);

@
N
Ar2”->,—|/ ﬁ—(—mﬂ’,
1 | 2
N\(N

AIZC
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wherein

in formula (2), Ar** and Ar*® have the same definition as
the Ar°” and the Ar®?, respectively, where Ar>* and Ar*®
are groups different from a 1,3,5-triazine-diyl group;
Ar*° represents an aryl group or a monovalent aromatic
heterocyclic group, and may have an alkyl group, an
aryl group, a monovalent aromatic heterocyclic group,
an alkoxy group, an aryloxy group, an aralkyl group, an
arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a
fluorine atom or a cyano group as a substituent; when
multiple Ar** and Ar*® groups are present, the groups
may be the same or different; and t; and t, each
independently represent 1 or 2.

6. The polymer compound according to claim 5, wherein
the Ar** and Ar*® are each independently at least one group
selected from the group consisting of a phenylene group, a
naphthalene-diyl group, a fluorene-diyl group and a dihy-
drophenanthrene-diyl group.

7. The polymer compound according to claim 5, wherein
the block (A) comprises the constitutional unit represented
by formula (2) and a constitutional unit represented by
formula (1);

“Arty-
wherein
in formula (1), Ar' represents an arylene group or a

divalent aromatic heterocyclic group, and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent.

8. The polymer compound according to claim 7, com-
prising as the constitutional unit represented by formula (I)
at least one constitutional unit selected from the group
consisting of a constitutional unit represented by formula
(3); and a constitutional unit represented by formula (4),
which is different from the constitutional unit represented by
formula (2) and the constitutional unit represented by for-
mula (3);

@

)]
(R3a)g

— Ara —
—H A ?

wherein

in formula (3), Ar’“ represents an arylene group or a
divalent aromatic heterocyclic group, and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; R*“ is an alkyl group, an aryl group or
a monovalent aromatic heterocyclic group and is a
group substituted at a substitution site neighboring a
site forming a bonding to another constitutional unit in
Ar*®; when multiple R** groups are present, the groups
may be the same or different; g is an integer of
1to 4; and
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in formula (4), Ar*® represents an arylene group or a
divalent aromatic heterocyclic group, and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; when multiple Ar** groups are present,
the groups may be the same or different; and k is an
integer of 1 to 3.

9. The polymer compound according to claim 8, wherein
the constitutional units represented by formula (3) are pres-
ent adjacent to both sides of the constitutional unit repre-
sented by formula (2).

10. The polymer compound according to claim 8, wherein
the constitutional units represented by formula (2) are pres-
ent adjacent to both sides of the constitutional unit repre-
sented by formula (3) or both sides of the constitutional unit
represented by formula (4).

11. The polymer compound according to claim 8, com-
prising as the constitutional unit represented by formula (3)
at least one constitutional unit selected from the group
consisting of the constitutional unit represented by formula
(1) and a constitutional unit represented by formula (7);

M
Rla

M

R7c R7d

wherein

in formula (1), R'“ represents a hydrogen atom, an alkyl
group, an aryl group, a monovalent aromatic heterocy-
clic group, an aralkyl group or a substituted amino
group; R'? and R'® each independently represent a
hydrogen atom, an alkyl group, an aryl group, a mon-
ovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy
group, a substituted amino group, a substituted carbo-
nyl group, a substituted carboxyl group, a fluorine atom
or a cyano group; at least one of R'“ and R'© comprises
a group other than a hydrogen atom; the two R'© groups
may be the same or differenr; and

in formula (7), R7* and R" each independently represent
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group or a cyano group; and R7? and R7¢
each independently represent a hydrogen atom, an alkyl
group, an aryl group, a monovalent aromatic heterocy-
clic group, an alkoxy group, an aryloxy group, an
aralkyl group, an arylalkoxy group, a substituted amino
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group, a substituted carbonyl group, a substituted car-
boxyl group, a fluorine atom or a cyano group.

12. The polymer compound according to claim 8, com-
prising as the constitutional unit represented by formula (4)
at least one constitutional unit selected from the group
consisting of a constitutional unit represented by formula
(9), a constitutional unit represented by formula (10) and a
constitutional unit represented by formula (11);

L)

RQC

©

R9a
(10)

(n

wherein

in formula (9), R°® and R®° each independently represent
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group or an aralkyl group; and R°¢ and R*°
may be bonded together to form a ring structure.

13. The polymer compound according to claim 1, com-

prising:

the block (A); and

a block (B) comprising a constitutional unit represented
by formula (IB) and/or a constitutional unit represented
by formula (II);

AT )

Ay

wherein

in formula (IB), Ar'® represents an arylene group or a
divalent aromatic heterocyclic group, and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; and

in formula (II), Ar” represents a divalent aromatic amine

residue, and may have an alkyl group, an aryl group, a
monovalent aromatic heterocyclic group, an alkoxy
group, an aryloxy group, an aralkyl group, an arylal-
koxy group, a substituted amino group, a substituted
carbonyl group, a substituted carboxyl group, a fluorine
atom or a cyano group as a substituent.

14. The polymer compound according to claim 13, com-
prising as the constitutional unit represented by formula (IB)
at least one constitutional unit selected from the group
consisting of a constitutional unit represented by formula
(3B) and a constitutional unit represented by formula (4B),
which is different from the constitutional unit represented by
formula (3B), and as the constitutional unit represented by
formula (II) a constitutional unit represented by formula (5);

an
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4
_ﬁAlJlaﬂ—
“B)
A

)
—H—Ar”WN—(eAr”ﬁmAPh-)vllvj:«Mw—

ArSe

wherein

in formula (3B), Ar’'® represents an arylene group or a
divalent aromatic heterocyclic group and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; R*! is an alkyl group, an aryl group or
a monovalent aromatic heterocyclic group, and is a
group substituted at a substitution site neighboring a
site at forming a bonding to another constitutional unit
in Ar’'?; when multiple R*>'* groups are present, the
groups may be the same or different; g is an integer of
1 to 4;

in formula (4B), Ar*'® represents an arylene group or a
divalent aromatic heterocyclic group and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; when multiple Ar*'® groups are pres-
ent, the groups may be the same or different; k is an
integer of 1 to 3; and

in formula (5), Ar?, Ar’®, Ar’°, Ar*? and Ar””" each
independently represent an arylene group or a divalent
aromatic heterocyclic group; Ar’, Ar¥ and Ar’¢ each
independently represent an aryl group or a monovalent
aromatic heterocyclic group; Ar’®, Ar’®, Arc, Ar*,
Ar°, Ar”, Ar*¢ and Ar’” may have an alkyl group, an
aryl group, a monovalent aromatic heterocyclic group,
an alkoxy group, an aryloxy group, an aralkyl group, an
arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a
fluorine atom or a cyano group as a substituent; the
groups represented by Ar’?, Ar’®, Ar¥ and Ar’¥ may
each form a 5- to 7-membered ring by bonding to a
group other than the concerned group which bonds to
a nitrogen atom to which the concerned group bonds,
directly or via a group represented by —O—, —S—,
—C(—=0)—, —C(—=0)—0—, —NR*—,
—C(=0)—NR*— or —C(R*),—; R* in the formu-
las represents an alkyl group, an aryl group, a mon-
ovalent aromatic heterocyclic group or an aralkyl
group; when multiple Ar*?, Ar’®, Ar’¢, Ar’? and Ar’”
groups are present, the groups may be the same or
different;

n, and n, are each independently O or 1; n; is 0 or a
positive integer; and n,, ng, ng and n, are each inde-
pendently a positive integer.
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15. The polymer compound according to claim 13, com-
prising as the constitutional unit represented by formula (IB)
at least one constitutional unit selected from the group
consisting of a constitutional unit represented by formula
(1B), a constitutional unit represented by formula (7B), a
constitutional unit represented by formula (9B), a constitu-
tional unit represented by formula (10B) and a constitutional
unit represented by formula (11B);

(1B
Rlla

7

Rllc Rllc
Rit2
(7B)
R712 Rla
Rle R
©B)
ROlc ROla
(10B)

(11B)

56

wherein

in formula (1B), R''® represents a hydrogen atom, an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an aralkyl group or a substituted
amino group;

R''” and R"'¢ each independently represent a hydrogen
atom, an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group, an alkoxy group, an ary-
loxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group,
a substituted carboxyl group, a fluorine atom or a cyano
group; the two R groups may be the same or differ-
ent;

in formula (7B), R7** and R7*° each independently rep-
resent an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group, an alkoxy group, an ary-
loxy group, an aralkyl group, an arylalkoxy group, a
substituted amino group, a substituted carbonyl group,
a substituted carboxyl group or a cyano group;

R7'% and R7'¥ independently represent a hydrogen atom,
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano
group; and
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in formula (9B), R°'* and R®'° each independently rep-
resent an alkyl group, an aryl group, a monovalent
aromatic heterocyclic group or an aralkyl group; and
R®*“ and R®'° may be bonded together to form a ring
structure.

16. The polymer compound according to claim 1, wherein
a constitutional unit derived from a phosphorescent light-
emitting compound is contained in at least one block
selected from the group consisting of the block (A), the
block (B), and a block different from the block (A) and the
block (B).

17. The polymer compound according to claim 16,
wherein the constitutional unit derived from a phosphores-
cent light-emitting compound is a constitutional unit derived
from a phosphorescent light-emitting compound which
includes at least one metal selected from the group consist-
ing of gold, platinum, iridium, osmium, rhenium and euro-
pium as a central metal thereof.

18. The polymer compound according to claim 1, wherein
a proportion of the constitutional units represented by for-
mula (0) contained in the block (A) is 5 to 40 mol % in
relation to all the constitutional units contained in the
polymer compound and 5 to 100 mol % in relation to all the
constitutional units contained in the block (A).

19. The polymer compound according to claim 14,
wherein a proportion of a total mass of the constitutional unit
represented by formula (0), the constitutional unit repre-
sented by formula (3), the constitutional unit represented by
formula (4), the constitutional unit represented by formula
(3B), the constitutional unit represented by formula (4B) and
the constitutional unit represented by formula (5) is 0.9 or
more when the total mass of the polymer compound is 1.0.

20. The polymer compound according to claim 1, wherein
a value represented by expression (V) is 0.01 or more and
0.8 or less;

[CVID] ™

wherein

in expression (V), [C] represents a polystyrene-equivalent
weight-average molecular weight of the block (A), and
[D] represents a polystyrene-equivalent weight-aver-
age molecular weight of the polymer compound.

21. A composition comprising:
a polymer compound according to claim 1; and

at least one material selected from the group consisting of
a hole transport material, an electron transport material
and a light-emitting material.

22. The composition according to claim 21, comprising a
phosphorescent light-emitting compound as at least one
material selected from the group consisting of the hole
transport material, the electron transport material and the
light-emitting material.

23. The composition according to claim 22, wherein the
phosphorescent light-emitting compound is a phosphores-
cent light-emitting compound containing at least one metal
selected from the group consisting of gold, platinum,
iridium, osmium, rhenium and europium as a central metal
thereof.

24. The composition according to claim 23, wherein the
phosphorescent light-emitting compound is a compound
comprising a structure represented by formula (8);
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®)y

A

c N\

| M

¢ \c/

B
Rt

wherein

in formula (8), M represents at least one metal selected
from the group consisting of gold, platinum, iridium,
osmium, rhenium and europium;

ring A may be a monocyclic ring or a fused ring, and
represents a heteroaromatic ring which may include a
heteroatom in addition to N in the formula;

ring B represents an aromatic ring which may be a
monocyclic ring or a fused ring;

R represents a substituent, and when multiple R substitu-
ents are present, the substituents may be the same or
different; and m and mm each represent O or a positive
integer.

25. A solution comprising:

a polymer compound according to claim 1; and

a solvent.

26. A film comprising a polymer compound according to

claim 1.
27. A light-emitting device comprising an organic layer
comprising a polymer compound according to claim 1.

28. The light-emitting device according to claim 27,

wherein the organic layer is a light-emitting layer.

29. A surface light source comprising a light-emitting

device according to claim 28.
30. A display device comprising a light-emitting device
according to claim 28.

31. A method for producing a polymer compound accord-

ing to claim 1, comprising:

a first step of synthesizing a first compound comprising
multiple constitutional units represented by formula (0)
by condensation-polymerizing a compound repre-
sented by formula (R-0) or by condensation-polymer-
izing a first monomer mixture comprising the com-
pound represented by formula (R-0) and a compound
represented by formula (R-I); and

a second step of producing a polymer compound having
ablock (A) comprising the multiple constitutional units
represented by formula (0) by condensation-polymer-
izing the first compound and a second compound
having a structure different from a structure of the first
compound and capable of being condensation-polym-
erized with the first compound;

(R-0)
Wl— A - Z— AL s w2
(R-D
W2l Arl— w2
(0-1)
1
x16" Xy
I |
X1s ')I(B
N4



US 9,478,744 B2

189
-continued
_?(25_ )$21 (0_2)
Xzi X23,X22
0
A2 A et @
wherein

in formulas (R-0) and (0), Z represents a group repre-
sented by formula (0-1) or a group represented by
formula (0-2); Ar°® and Ar°? each independently rep-
resent an arylene group or a divalent aromatic hetero-
cyclic group having a structure different from that of Z,
and may have an alkyl group, an aryl group, a mon-
ovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy
group, a substituted amino group, a substituted carbo-
nyl group, a substituted carboxyl group, a fluorine atom
or a cyano group as a substituent; when multiple Ar®®
and Ar°? groups are present, the groups may be the
same or different; s, and s, each independently repre-
sent 1 or 2;

in formula (R-I), Ar' represents an arylene group or a
divalent aromatic heterocyclic group and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent;

in formulas (0-1) and (0-2), X*!, X*2, X'3 X! X!, X!,

X2, X?2, X*3, X** and X*° each independently repre-
sent a carbon atom or a nitrogen atom, where two or
three of X!, X'2, X*3, X'* X'° and X'° are a nitrogen
atom and three of X3!, X?2, X*3, X?* and X*° are a
nitrogen atom; the group represented by formula (0-1)
and the group represented by formula (0-2) may have
an alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent; and

in formulas (R-0) and (R-I), W', W2, W?! and W*? are

each independently a polymerizable group capable of
involving a condensation-polymerization reaction.

32. The method for producing a polymer compound
according to claim 31, wherein in the second step, a second
monomer mixture comprising the compound represented by
formula (R-I) and a compound represented by formula (R-1I)
is used as the second compound;

W3_Ar2 W32 (R-ID)

wherein

in formula (R-II), Ar* represents a divalent aromatic
amine residue, and may have an alkyl group, an aryl
group, a monovalent aromatic heterocyclic group, an
alkoxy group, an aryloxy group, an aralkyl group, an
arylalkoxy group, a substituted amino group, a substi-
tuted carbonyl group, a substituted carboxyl group, a
fluorine atom or a cyano group as a substituent; and

W3! and W32 are each independently a polymerizable
group capable of involving a condensation-polymer-
ization reaction.

10

25

40

45

50

55

60

190

33. A method for producing a polymer compound accord-
ing to claim 1, comprising:
a first step of producing a first compound comprising

multiple constitutional units represented by formula (0)
by condensation-polymerizing a compound repre-
sented by formula (R-0) or by condensation-polymer-
izing a first monomer mixture comprising the com-
pound represented by formula (R-0) and a compound
represented by formula (R-I);

a second step of producing a second compound compris-

ing multiple constitutional units represented by formula
(II) by condensation-polymerizing a second monomer
mixture comprising the compound represented by for-
mula (R-I) and a compound represented by formula
(R-1I); and

a third step of producing a polymer compound having a

block (A) comprising multiple constitutional units rep-
resented by formula (0) and a block (B) comprising
multiple constitutional units represented by formula
(II) by condensation-polymerizing the first compound
and the second compound;

(R-0)
Wl_(_AIOH_)TZ_(_AIObﬁ?WZ
(R-D
W2l Arl— w2
R-ID)
Wi—Ar—W#
(0-1)
1
x16” Xy
I |

X!s ,’)'(13
x4
©-2)
x25-x2!
i 1

x4 ,'Xzz
N2
©
L AL - Z—E A -

an
—tAP—

wherein
in formulas (R-0) and (0), Z represents a group repre-

sented by formula (0-1) or a group represented by
formula (0-2); Ar°* and Ar®” each independently rep-
resent an arylene group or a divalent aromatic hetero-
cyclic group having a structure different from that of Z,
and may have an alkyl group, an aryl group, a mon-
ovalent aromatic heterocyclic group, an alkoxy group,
an aryloxy group, an aralkyl group, an arylalkoxy
group, a substituted amino group, a substituted carbo-
nyl group, a substituted carboxyl group, a fluorine atom
or a cyano group as a substituent; when multiple Ar®®
and Ar°? groups are present, the groups may be the
same or different; s; and s, each independently repre-
sent 1 or 2;

in formula (R-I), Ar' represents an arylene group or a

divalent aromatic heterocyclic group and may have an
alkyl group, an aryl group, a monovalent aromatic
heterocyclic group, an alkoxy group, an aryloxy group,
an aralkyl group, an arylalkoxy group, a substituted
amino group, a substituted carbonyl group, a substi-
tuted carboxyl group, a fluorine atom or a cyano group
as a substituent;
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in formulas (R-II) and (II), Ar* represents a divalent -continued
aromatic amine residue and may have an alkyl group, ©-2)
an aryl group, a monovalent aromatic heterocyclic _?425‘%21
group, an alkoxy group, an aryloxy group, an aralkyl x4 ,'Xzz
group, an arylalkoxy group, a substituted amino group, 3 Sy
a substituted carbonyl group, a substituted carboxyl ©
group, a fluorine atom or a cyano group as a substitu- A = Z e A
ent;
in formulas (0-1) and (0-2), X**, X'2, X'3, X'* X' X6, )
X2!, X2, X3, X>* and X?° each independently repre- 10  Wherein
sent a carbon atom or a nitrogen atom, where two or n forin(lille{)s (§'0) alnd((()O%,) Z represents a grouPterf'
11 w12 w13 w14 <15 16 ; sented by formula (0-1) or a group represented by
g;g;ﬁ Oaifl( th,rz:(e O’E( X2’1XX§2X X;ndx)§4 a2111r(61: ;Izlétraor%eg formula (0-2); Ar°* and Ar®? each independently rep-
nitrogen atom; the gr01;p rep’resen,ted by formula (0-1) resent an arylene? group or a dlvgllent aromatic hetero-
and the group represented by formula (0-2) may have 13 3311§1§;0E§V1;a;n§11a<;1t r;rcgllll;e (ilrlﬁzgrllt;gl% tl;atn?;f
Egt:}o(z/; C%‘fslgi’osg z;yill%(rooﬁ}?igioumpoﬁ V:i;?cfxa;?grn;ainc ovalent aromatic heterocyclic group, an alkoxy group,
’ ’ > > an aryloxy group, an aralkyl group, an arylalkoxy
an aralkyl group, an arylalkoxy group, a substituted group, a substituted amino group, a substituted carbo-
amino group, a substituted carbonyl group, a substi- nyl group, a substituted carboxyl group, a fluorine atom
tuted carboxyl group, a fluorine atom or a cyano group 2 or a cyano group as a substituent; when multiple Ar°®
as a substituent; and and Ar°? groups are present, the groups may be the
in formulas (R-0), (R-I) and (R-I), W', W2, W2!, W2, same or different; s, and s, each independently repre-
W>! and W32 are each independently a polymerizable sent 1 or 2;
group capable of involving a condensation-polymer- in formula (R-I), Ar' represents an arylene group or a
ization reaction. 25 divalent aromatic heterocyclic group and may have an
34. A method for producing a polymer compound accord- alkyl group, an aryl group, a monovalent aromatic
ing to claim 1, comprising: heterocyclic group, an alkoxy group, an aryloxy group,
a first step of synthesizing a first compound by conden- an aralkyl group, an arylalkoxy group, a substituted
sation-polymerizing a compound represented by for- amino group, a substituted carbonyl group, a substi-
mula (R-I) or by condensation-polymerizing a first 3° tuted carbpxyl group, a fluorine atom or a cyano group
monomer mixture comprising the compound repre- . asa substituent; . .
sented by formula (R-I) and a compound represented mn for.mula .(R'H)’ Ar” represents a divalent aromatic
by formula (R-TT); and amine residue anii may have; aﬁ alkyl gﬁ.oup, an aryl
a second step of producing a polymer compound having fﬁgg}:’ arréll?nozs entlgiomatéi e:I:lroaiZlcklcl £r gtllp, g
a block (A) comprising multiple constitutional units 33 arylalio%(y g%oup f};ubs}t]it%lrtedpe’lmino gro?lpgerl séjl;sti-
Fe.presented by formula (0) by condensation-polymer- tuted carbonyl gr’oup, a substituted carboxyf group, a
izing the first compound and a cqmpound rep.re?sented fluorine atom or a cyano group as a substituent;
by formula (R-0) or by condensatlon-polymenzmg the in formulas (0-1) and (0-2), X!, X'2, X'3, X4, X%, XS,
first compound and a second monomer mixture com- X2, X2, X3, X2* and X?* each independently repre-
prising the compound represented by formula (R-0) and *° sent a carbon atom or a nitrogen atom, where two or
the compound represented by formula (R-I); three of X', X'2, X13 X' X' and X' are a nitrogen
atom and three of X?!, X*?, X**, X** and X*° are a
nitrogen atom; the group represented by formula (0-1)
(R-0) and the group represented by formula (0-2) may have
W' A% e Z— A e W 45 an alkyl group, an aryl group, a monovalent aromatic
®D) heterocyclic group, an alkoxy group, an aryloxy group,
W w2 an aralkyl group, an arylalkoxy group, a substituted
R-IT) amino group, a substituted carbonyl group, a substi-
Wi — AR —W32 tuted carboxyl group, a fluorine atom or a cyano group
©-1) 50 as a substituent; and
< in formulas (R-0), (R-D) and (R-II), W', W2, W3! W32
)ﬁls = )flz W' and W32 are each independently a polymerlzable
EIER group capable of involving a condensation-polymer-
~ e ization reaction.



